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SPOTLIGHTS ON THE PROCEEDINGS’ 


FEW MONTHS AGO A MEMBER WRITING FROM 
Canada made a suggestion for improving the Journal. 
It would speed the tracing of information on current 
Institution papers, he considered, if each issue of the 
Journal carried, on or near the Contents page, an index of the 
papers noted in it. Although the annual index issued with the 
December Journal gives these details, this is of little help to a 
member in, say, October; he then has ten unindexed issues to 
search through to trace a paper, about which he may remember 
nothing more than the author’s name, something of the subject- 
matter and that a short review of it appeared in the Journal 
‘sometime this year’. He may be mistaken in his recollection 
of a short review; for the paper may be a monograph or one 
destined for reading at a future meeting and thus have figured 
in the Journal only in ‘Monographs and Papers published 
individually this month’ and not in ‘A Review of the 
Proceedings, Parts A and B’. 

The Papers Committee considered the suggestion. After full 
examination they recommended its adoption. Having seen 
specimen layouts, they recommended also that the lists of 
individual papers, noted in ‘A Review of the Proceedings, 
Parts A and B’ [called here ‘item (a)’] and ‘Monographs and 
Papers published individually this month’ [‘item (5)’] should 
be shown on the Contents page. Accordingly, such indexes 
will be found this month on the inside front cover, whose 
layout has been redesigned. To prevent cramping the page, 
short titles have been used for the papers, and it is believed 
these will prove adequate for tracing a reference to a paper 
whose subject-matter alone can be recalled. 

A third regular Journal item covering Institution papers 
and monographs is ‘Contents of the Current Issues of the 
Proceedings’ [‘item (c)’]. This, itself only a list of papers, has 
not been moved to the Contents page of the Journal, because 
its retention in the text pages and therefore in the bound 
annual volume of the Journal may be useful to some members 
who do not subscribe to the Proceedings. The details in it are 
not repeated in the Journal annual index. 

The Journal then, in trying to keep the busy member 
informed about what papers The Institution is publishing, 
plays three different spotlights on papers in the Proceedings. 
One resulting item, the ‘Review of the Proceedings’, comprises 
chiefly short articles that are intended to be interesting 
reading in their own right; the other two items exist mainly 
for reference. Many members—if they had occasion to think 
on these things—would probably confess to some perplexity 
about the exact purposes of the three items, (a) (6) and (c). 
It may be helpful to give some explanation here. 

Item (a) is aimed at indicating the content of papers that 
have been, or soon will be, published in the Proceedings. 
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Two kinds of notice make up its contents. All the papers read 
at meetings and some of those published direct are noticed by 
short reviews written by the author. For more recondite and 
mathematical papers which do not lend themselves well to the 
short-review treatment brief synopses are used to give some 
guide to the papers’ contents. Mention of all papers in Parts 
A and B of the Proceedings is included at some time in 
item (a), except where a feature article about the subject- 
matter of a paper appears elsewhere in the Journal. But the 
timing of publication varies. The working rule is to aim at 
including the short review of a paper published individually 
at the time that an account of the relevant meeting appears. 
If for some reason, the short review misses publication at this 
stage, it is published about the time of Proceedings publication 
—in the same month if possible. At this second stage appear 
also the short reviews and synopses of papers not read at 
meetings. Thus each monthly instalment of item (a) usually 
consists only partially of papers appearing in the current 
issues of the Proceedings; the papers that have been published 
individually may not be republished in the Proceedings for 
some months. To complete the information about the current 
issues of the Proceedings, a full list of contents is given separ- 
ately in item (c). This includes a key to the month that each 
paper appeared in item (a) or was featured in a special article. 

Item (b) gives synopses of monographs and of papers for 
reading. Both are published individually as separates before 
they are republished in the Proceedings. Item (6) is primarily 
a publication announcement, but when known the date of 
reading of a paper is added for the convenience of members. 

The Institution’s scheme of publication of papers and the 
Journal’s method of commenting on and referring to them 
may appear involved. But they have developed out of a desire 
to publish each paper as early as possible, while keeping the 
discussion and the paper together in the pages of the Pro- 
ceedings; out of the need to economize as much as possible 
by not sending papers to those who have no interest in them; 
and out of an attempt to provide in the Journal both reading 
and reference matter about what is happening at Institution 
meetings and in the Proceedings. The scheme of publication 
of papers has been evolved through many examinations and 
discussions by many Papers Committees; it is doubtful whether 
it can be improved much, given the present requirements for 
meetings and the need for economy. But the Journal arrange- 
ments are more recent and, as the latest change introduced 
this month shows, more fluid. There are probably improve- 
ments to be made which would help to meet better the needs 
of members. But if members have suggestions for these, 
perhaps they would make them known, as did the Canadian 
member mentioned above. 
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Industrial Management for Professional Engineers 


1. THE DUTIES OF A MANAGER by J. Parsons, M.A. 


A feature of industry in recent years has been the growing 
emphasis placed on management as such, leading to a closer 
examination of management and more self-examination 
by managers about their own duties and performance. 
Recent advances in technology, while putting a premium 
- on scientific knowledge, have at the same time enhanced 
the importance of managerial skills. In the electrical 
industry—particularly in the supply and heavy manu- 
facturing industries—an engineering training has always 
been an accepted path to the ranks of management. 
However, management calls for qualities and knowledge 
which are not necessarily related to technical competence. 
They can be developed by practice and training. But if 
advantage is to be taken of these it is important that the 
engineer should be keenly aware of the content of a 
manager’s work, and that he should appreciate that it 
presents a challenge different from that of scientific 
knowledge and no less worthy of his attention. 

The article printed below is the first of a series of six 
on industrial management that will be appearing in the 
Journal this year. They will treat the subject in a way that 
we hope will be helpful and interesting to the professional 
engineer who finds himself at a manager’s desk after years 
in the development laboratory, the assembly shop or the 


contracts office. They are concerned with general principles 
more than with specialized techniques of management, 
But, of course, no one should expect that he can teach 
himself much about management by reading even the 
best textbook on industrial administration. Practice is 
essential. Thus, the articles, which will be written from 
different standpoints and a wide variety of experience, can 
be no more than signposts. Nevertheless they will represent 
a consensus of views upon the responsibilities of a manager 
and the attitude in which these responsibilities should be 
approached. 

The series has been arranged with the help of the 
Administrative Staff College, Henley. Most of the 
authors, who are serving in managerial positions in 
various industries, have taken courses at the College; 
its work, as many members will recollect, was described 
in an article by a chartered electrical engineer in the 
November 1956 Journal. 

The first article is introductory and demonstrates the 
balance required between the technical content of a 
manager’s job and the social skills and wider knowledge 
that he needs. The author was formerly Assistant to the 
Chairman of J. Bolding and Sons and is now Group 
Personnel Officer of Guest Keen and Nettlefolds. 





or two ago, ‘is no longer the dirty work of the nation, 

but the honoured occupation on which depends the 
prosperity and standing of Britain. It must therefore be 
so conducted.” Whether or not one agrees that industry 
ever was in fact the nation’s dirty work, the comment in 
present circumstances strikes an appropriate note. 

From about 1750 until 1900, British industry led the 
world in productive efficiency. Consequently, this 
country then enjoyed better general living conditions than 
those of any other nation, low as that level was in 
comparison with present standards. Since then, however, 
the improvement in productive efficiency, or productivity, 
in this country has been less than in some other countries. 
The result has been that our position has grown relatively 
worse—and will continue to do so until the trend is 
reversed. 

That is one aspect of the current situation; the fight 
against inflation has emphasized the other. Quite apart 
from what we call our ‘standard of living’ and our 
capacity to defend ourselves, the bare existence of more 
than fifty million people in the United Kingdom depends 
upon the import of one-half of our food and most of our 
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[ertsoteo, said a distinguished Civil Servant a year 


raw materials in exchange for exports of manufactured 
goods. We can hope to sell these in a progressive world 
only if high productive efficiency enables us to quote 
competitive prices. 

Within this framework—and we must accept it whether 
we like it or not—-it is impossible to overestimate the 
importance of the skilled direction and management of 
British industry. In the industrial hierarchy, responsi- 
bility for the formulation of policy rests with the Board 
of Directors; the Managing Director interprets that 
policy and issues the necessary instructions for action. 
It is the managers who are responsible for the imple 
mentation and, broadly speaking, it is upon the skill 
with which those instructions are carried into effect that 
the success of the enterprise largely depends. The com- 
mon thread running through all sixty-six of the Anglo- 
American Council on Productivity team reports was the 
conclusion that the most significant factor in America 
leading to high production at low costs was efficient 
management. The teams, as Sir Thomas Hutton, Director 
of the British Productivity Council, recently wrote im 
The Times, ‘reported that the Americans worked not 
harder but more effectively, largely owing to better 
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ning and control’. In spite of certain industrial ills, 
inevitable in a period of transition, which we are still 
struggling to solve, there is increasing evidence that the 
British manual worker can, in certain circumstances, 
work as hard and as effectively as his counterparts in 
any other part of the world. Commenting upon the 
success of the Fawley project—the post-war construction 
of the Esso refinery by British labour under American 
management—Mark Abrams wrote: 

The lesson of Fawley seems to be that British workers are prepared 
to work as well as anyone else—provided that they respect the 
people for whom they work and have faith in their fair dealing. 
The changes introduced by the American management (in grading 
of skills, methods of payment, introduction of mechanical aids, etc.) 
were important, but all of them were conditional. They were 
accepted and became effective because of the character of the team 
of men who constituted ‘management’. 

What, in greater detail, are the responsibilities of the 
manager and what was likely to be in Abrams’s mind 
when he spoke of the character of the team of men who 
constituted ‘management’ ? Management has been defined 
by E. F. L. Brech, perhaps somewhat academically, as 
‘a social process entailing responsibility for the effective 
planning and regulation of the operations of an enter- 
prise, in fulfilment of a given purpose or task, such 
responsibility involving: (a) the installation and main- 
tenance of proper procedures [the “administration” 
cement] to ensure adherence to plans; and, (b) the 
guidance, integration and supervision of the personnel 
composing the enterprise, and carrying out its operations’. 
Apart, therefore, from technical competence—adequate 
knowledge of the technical content of the jobs to be 
controlled—industrial management consists of an element 
of technique, an element of leadership, and an element of 
at, all three being inextricably intermingled, but particu- 
larly perhaps the latter two. 

The element of technique is based, of course, upon the 
immensely important control factor—upon the control 
techniques or ‘tools of management’: the more accurate 
measurement of work for purposes of staffing, costing 
and incentive payments; more systematic machine 
lading and utilization; greater use of statistical methods; 
more accurate budgetary control. 

‘A manager’, wrote a contributor to The Financial 
Times some years ago, ‘must be able to view a situation 
having dimensions in time, cost, risk and human reaction, 
and to extract from this complex one or more problems 
in single dimensions to which answers in terms of action 
can be given’. The art element therefore includes the 
ibility to isolate the significant factors in any problem, 
ad it also includes that indefinable something of 
ialculable importance which is known as judgment, 
‘the solid common-sense which gives a man the ability to 
¢ a situation whole and makes his decisions right more 
ofien than they are wrong’. The art element too is the 
most important of the several elements of leadership. 
Management is getting things done, not doing them 
meself. It involves relationships with others; it involves 
‘mice awareness of human tolerances; it involves tact; 
tinvolves ‘the ability to secure assent and support and 
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to put a plan across, to choose the right subordinates, to 
balance them and weld them into a team animated by a 
common enthusiasm, to arouse a loyalty which makes 
the work seem worth while, to exact discipline from 
subordinates in the form of self-discipline, to know how 
and when to praise and to reprove’; it involves moral 
courage. 

The nearer the manager is to the direct control of the 
productive processes, the greater will have to be his grasp 
of all the technical aspects of the process. As, however, 
the scale of his activities increases—and the tendency 
to-day is towards larger manufacturing units—the 
importance of technical ‘know-how’ weakens (although it 
certainly never disappears altogether) and the importance 
of knowledge of the control techniques and the impor- 
tance of qualities of judgment and leadership increase. 
The number of different relationships which exist in the 
industrial community is by no means always appreciated: 
relationships, for example, between managing director 
and manager, between manager and manager, between 
manager and specialist, between manager and subordi- 
nate, etc. In all these relationships the manager must 
be accepted; otherwise complications will immediately 
develop. He must maintain a positive—never a negative— 
attitude towards ideas and instructions coming to him 
from above, however sceptical he may sometimes feel. 
He is a member of a team and he must recognize that one 
non-co-operator, one individual whose views, methods 
or personality are unacceptable to his colleagues, can 
wreck the effectiveness of that team. 

His position in the post-war years should have been 
helped, but may also have been complicated, by the 
arrival on the scene of the specialists. Other new factors 
are more powerful shop stewards, strengthened by the 
increased bargaining power of the trade unions and by 
colleagues who will no longer ‘hate it and take it’. The 
specialists—amongst them the time-study engineers, the 
planners, the cost accountants, the personnel and safety 
officers—can be a source of trouble in the management 
team if the organizational structure is insufficiently 
strong, if the terms of reference of the specialists and 
their functional relationships with the ‘direct’, or ‘line’, 
managers have not been clearly defined. The manager 
must know how to use their special skills; they exist to 
help him, not to usurp his authority. 

It may or may not be true that the manager gets the 
shop steward he deserves. Certainly it is true that in this 
context toughness is likely to be met with toughness, and 
it is also true that the rank and file will turn more and 
more to their own elected leaders if they cannot obtain 
the information they require from the company- 
appointed leaders. Management must manage and 
management must lead. The shop stewards must not be 
allowed to monopolize leadership on the shop floor. The 
individual manager must be able to answer all the 
questions put to him; day-to-day informal joint consul- 
tation is so much more desirable and effective than 
periodical formal Joint Consultation. 

Management, it has already been said, means getting 
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things done. Some things the manager must nevertheless 
do himself. Moreover, he must always accept final 
responsibility. But, if the planning, control and super- 
vision of the job is beyond the capacity of one man, he 
can and must delegate authority to another—or more— 
to act on his behalf. Here lies one of the finely balanced 
aspects of the nebulous art of management; delegation 
has been described as ‘essentially an act of faith in which 
the maximum amount of initiative at the periphery is 
combined with the minimum amount of control at the 
centre’. No rules whatsoever exist to provide the manager 
with guidance and support in this part of the game. 

The description, brief as it is, nevertheless covers the 
all important elements. First it has to be decided what 
may or should be delegated. Then with the delegated 
authority must go a degree of initiative and freedom to 
make those secondary decisions which need not be made 
at a higher level; otherwise enthusiasm will wither and 
the effectiveness of the manager’s team will be damaged 
by the gradual development of frustration. On the other 
hand, the delegator, with final responsibility resting upon 
his shoulders and his shoulders only, must retain the 
means of controlling and checking, since, as John 
Raymond remarks in his admirable paper on ‘Delegation 
of Authority’, ‘others may not always live up to the trust 
placed in them’. More will be said about delegation in 
the second article in this series. 

To return, however, to the less rarefied atmosphere of 
the shop floor, the natural leader, with his example of 
integrity, hard work and optimism, and his trace of the 
‘indefinable personal factor’, may be able to inspire his 
immediate subordinates in such a way that his ‘personal 
magnetism’ makes itself felt down through the chain of 
authority. But, in any case, the major responsibility— 
that of creating the right working atmosphere—rests with 
the manager. His target must always be increased 
working efficiency and ability to obtain the co-operation 
necessary to raise productivity. Obviously this is only 
likely to be possible where what is called morale is sound. 

Field-Marshal Sir William Slim, reflecting upon his 
successful campaign in the deplorable physical conditions 
of the Burmese jungle, described morale as ‘the intangible 
spirit of any body of men or women; like courage, a state 
of mind, a mixture of emotion and reason’. In the 
industrial context, high productivity, willingness to 
co-operate, low rates of absenteeism and labour turnover, 
are as sure signs of sound morale as low productivity, 
restriction, resistance, and high rates of absenteeism and 
labour turnover are of poor morale. The intangible spirit 
to which the Field-Marshal referred certainly cannot be 
produced merely by the provision of good working 
conditions and amenities. Nor is there any short cut. It 
takes years of fair and consistent dealing between 
successive managers and manual workers before there 
can be any chance of developing mutual trust and a 
degree of common approach to problems. It takes years 
to create, and damage can result from a single wrong 
word at a wrong moment. The newly appointed manager 
may therefore find himself the victim of the misdeeds of 
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his predecessors or, more fortunately, he may find thy 
firm foundations have been laid. 

In either event, factory morale is based on the attitude 
of individuals, individuals who have their own estimatg 
of their standards and standing which must be respegtgg 
and never violated. ‘Striking’, said a wise uni 
professor in a broadcast last year, ‘is an act of aggressigg 
promoted by frustration of the need to be worth whik 
and recognized as such. The two basic drives felt by meg 
at work are the drive to do a worth-while job and the 
drive to belong. If these are frustrated, men will Strike, 
using wages, for example, to justify their discontent 
Men strike because they feel their rights as human beings 
are not observed’. Whatever the manager’s other qualities 
and qualifications, therefore, his leadership is unlikely t 
be fully effective unless he recognizes those who work 
for him as individuals and respects their aspirations, 
This recognition and respect, together with fair treatment, 
and all that that entails, are at the very roots of individual 
and collective morale. It is not only a question of enabling 
an individual to feel that he is an integral part of a 
organization and that his contribution, however humble 
it may appear to be, nevertheless matters. He must be 
adequately and appropriately remunerated for his effort. 
The degree of security provided must be as high a 
circumstances permit. There must be opportunities for 
promotion for those who aspire to promotion. There 
must be opportunities to obtain information about the 
company, to reason with the manager and express any 
ideas of their own—for those who wish to do so. Sir 
Arthur Bryant wrote of Nelson: 


He instinctively and consciously studied human nature. He never 
talked down to men or used authority in a way that outraged their 
self-respect. He scrupulously respected their reason and ther 
dignity. No leader ever went to greater pains to make the reasom 
for what he asked crystal clear to those under his command, Th 
latter knew what they were doing and why they were doing it. 


If it is accepted that no organization can prosper 
unless morale is satisfactory and that it is the managems, 
in their capacities as leaders, who are largely instrumental 
in developing that morale, it is easy to understand why 
the Chairman of Imperial Chemical Industries, Si 
Alexander Fleck, has stressed in an article on ‘Top 
Management and Efficiency’ the importance of ‘the 
correct selection of people to fill the senior appointments 
of the company’. Sir Alexander has said that the Board 
of Directors must be responsible for the appointment of 
the senior managers, ‘but at the same time they must not 
breathe down the necks of their immediate subordinates 
by themselves making the appointments too far down the 
line. None the less they should keep a weather eye opea 
for talent down the line and try to encourage it. In some 
companies the directors complain that they are short of 
talent and do not know how to fill their senior appoifit 
ments, while down the line there are a lot of able young 
men bored and frustrated because middle managemeat 
will not give them a chance to come through and because 
top management does not even know of their existence’. 

In other words, in pursuance of the ‘promotion from 
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yithin’ policy which most companies follow these days, 
sod in order that the organization may maintain its 
vitality, the manager’s responsibility for ensuring his own 
secession stands very high indeed in the list of his duties. 
The first step, as Sir Alexander has remarked, consists in 

ing the talent and this may not be as easy as it 

rs. The staff of the Acton Society Trust who recently 
arried out a comprehensive piece of research into all 
aspects of ‘management succession’ felt that one of the 
weaknesses they encountered was insufficiently organized 
arangements for spotting talent. “There is a tendency’, 
they said, ‘for some top managers to think that they can 
know everybody, which suggests that they may be 
confusing the ability to recognize a person with a know- 
kdge of his potential’, and they felt that there must in 
future be a more systematic, less haphazard, approach to 
this particular problem. 

It is true, of course, that the further one looks down 
the rungs of the ladder, the more important does 
gecialization appear to be. In increasing numbers of 
cases therefore it may be desirable, if not essential, for a 
manager to look for his possible successor amongst those 
with a technical qualification—a Higher National 
Certificate perhaps, a degree, or membership of an 
appropriate professional body. But for the potential 
manager this can be no more than the basic qualification 
supplementing an orderly mind (the importance of 
which it is almost impossible to over-emphasize) and the 
necessary personal qualities which may be innate or 
iready partially developed. What has to be built on this 
foundation ? 

‘We recognize’, said the Urwick Report on Education 
ad Training for Management, ‘that theoretical study 
done cannot make a manager. His success will depend 
m his innate qualities, his acquired knowledge, his 
aaperience under competent guidance, and, above all, on 
the degree to which he combines these elements into a 
talanced personality commanding the respect of those 
with whom he is associated’. The point has already been 
made, however, that management embraces technique 
ad art—and the same may be said of leadership. In 
Management the control techniques, knowing what is 
happening, when, where, why, and with what result, 
become increasingly important. (No amount of ‘personal 
magnetism’ will compensate for inefficiency, for the 
absence of tools or raw material at the moment they are 
tequired.) The elements of these techniques can actually 
te taught on the post-graduate course or in the depart- 
ment of industrial administration of the college of 
tchnology. Techniques of leadership are also becoming 
tkarer; the potential manager can have pointed out to 
tim the importance of personal example, of justice and 
hir treatment, of even discipline, of never favouring, of 
isembling all the facts before a reprimand is given, of 
wver making a promise he cannot keep, of showing 
Mpreciation of a job well done—and so on. Group 
tiscussions based on what are known as ‘case studies’ 
a often be used to help change wrong attitudes towards 
lundling of men. The Administrative Staff College too, 
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although perhaps it exists primarily to open eyes and ears 
and to broaden outlooks and horizons, can also shake 
rigid attitudes, enable a man to see his strengths and 
weaknesses more clearly and to weigh them against the 
job he is to return to tackle. At the same time the syndi- 
cate method may well help him to develop the confidence 
in himself which he may have lacked and generally to 
develop any inherent qualities of leadership. It is not true 
that, if a man is not born a natural leader or manager, 
the germ of ability to influence others—which exists to a 
large degree in so few and to a small degree in so many— 
cannot be successfully developed. These qualities can be 
cultivated in conditions such as those existing at the 
Administrative Staff College, and a certain amount of 
slightly synthetic practice can be provided in other ways. 

Practice is the key word, for, broadly speaking, it 
remains true that no one ever learned to play golf 
properly anywhere other than on a golf course, and the 
only place where management can really be learned is in 
a factory or office. The point has already been made that 
the first qualification may be a basic technical qualifica- 
tion normally resulting from a combination of practical 
work within the factory walls and academic work at a tech- 
nical college; the second may be knowledge of the control 
techniques which may be obtained from some external 
source; the third, and it is immensely important, may be 
the development of the potential manager within the 
organization, entailing, says Urwick, ‘a pattern for each 
coming man of the right jobs, in the right order at the 
right time for the right period under the right super- 
vision’. He may also be tested on some investigation 
which will tax his capacity; he may be given a detailed 
picture of a manager’s job by acting as a personal 
assistant—but this must not last too long as it will be 
bad for him to shelter too long under his master’s 
umbrella; his weaknesses may be spotted and sympa- 
thetic coaching may help him to eradicate them. In the 
end, however, he must be loaded with some responsi- 
bility and allowed to practise as a manager, albeit a very 
junior one in the first instance. Management, in its full 
sense and meaning, cannot be taught; it can only be 
learned by practice, practice in leadership, in actually 
managing people, however small in number, practice in 
analysing problems, practice in making decisions and 
observing their results. Mistakes there may be, but, says 
the sage, ‘If a man does not make mistakes, he will not 
make anything’. 

Training for management may seem an abstract and 
rather nebulous subject, but training for succession is 
certainly a severely practical problem. Every management 
must be self-perpetuating and any management which 
fails to recognize this fact does so at its peril. As Lord 
Heyworth reminded his shareholders at their 1956 
Annual General Meeting. ‘We must take every oppor- 
tunity to bring on and upgrade our own people from the 
lower levels. We must all of us understand the importance 
of training. For if we fail to do these things, our failure 
will not be slow to show itself in the results which are 
laid before you’. 
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THREE WEEKS IN THE U.S.S.R. 


In the spring of last year a delegation from the British 
electricity supply industry paid a three-week visit to the 
Soviet Union. This lecture, which was given by Mr. J. Eccles 
(now Sir Josiah Eccles) at an Ordinary Meeting of The 
Institution on the 8th November 1956, records some 
impressions of the Soviet Union and in particular of her 
electrical engineering achievement. A short account of the 
meeting by Mr. F. J. Lane, who was also a member of the 
delegation to the Soviet Union, appeared in the January 
issue on p. 46. 


J. ECCLES, C.B.E., D.SC., MEMBER 





Introduction 


T was in August 1955 that the British Council indi- 
[e= to Lord Citrine that arrangements could be made 
for a deputation of Soviet electrical engineers to visit 
this country if an invitation were forthcoming from the 
Central Electricity Authority. In due course the Authority 
issued an invitation, at the same time making it clear that 
it was intended to be on a reciprocal basis. About two 
weeks before the date of their arrival, the Soviet 
Embassy in London told us that the party would be led 
by Mr. Malenkov. 
Mr. Malenkov is an important political figure in the 
U.S.S.R. He succeeded Stalin as Chairman of the Council 
of Ministers on the latter’s death in 1953. This position 


is-ssomewhat analogous to that of Prime Minister hep 
However after fifteen months he decided to stand dow, 
in favour of Mr. Bulganin and resumed his role apy 
Vice-Chairman of the Council. He was also ap 
Minister of Power Stations. 

The Russian party arrived at London Airport 
15th March 1956 and spent twenty-four days i 
intensive study of British electrical power facilities 
problems. Mr. Malenkov proved to be a man of 
siderable personal charm, and an astute and w 
Minister with a grasp of electrical power problems, 
consequence of this visit was that we were enabled to 
meet and discuss technology with a group of very abk 
engineers and scientists, some of whom were to be our 
hosts later. 








The Journey Out 


On the 16th April a party of nineteen led by Lon 
Citrine and including one interpreter left London 
Airport for the return visit. We flew via Brussels, Prague, 
Warsaw and Vilno to Moscow, arriving there on the 17th. 
We spent the night of the 16th at Prague. There we were 
met at the airport by the Minister of Energetics (i.e. Fuel 
and Power) and his staff, who entertained us most 
hospitably in a private lounge at the airport, provided 
transport to the Alcron Hotel in Prague and for a sight- 
seeing tour during the afternoon, and gave us dinner ata 
large well-appointed country house (now a home for 
writers) at Dobris, some thirty miles out of Prague. We 
received a very friendly official welcome and were 

invited by the Minister to come again, for, 





Members of the delegation in the Sochi Botanical Gardens with Mr. V. S. Ermakov, 
Deputy Minister of Power Stations 
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he said, ‘power engineers had much in 
common’. 

Next morning the Minister and his 
staff were at the airport to see us off. 
We left Prague at 9.36 a.m. in a Soviet 
plane in which there were no safety 
belts or smoking restrictions on take-off. 
This we were later to find was standard 
in all Soviet planes. We came down at 
Warsaw for an hour and again at Vilno, 
where we had a late lunch and put our 
watches forward two hours, to show 
Moscow Time. . 

There was snow just off the runways 48 
we left Vilno at 5.06 p.m. and flew for 
24 hours over the waste lands. Snow 
lined the edges of the forests, lakes and 
rivers were frozen and very few dwellings 
were to be seen. The country was begilr 
ning to emerge from winter’s grip and 
one could but reflect upon Napoleom's 
problem in extricating an army retreating 
westward across this terrain in 1812 
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The 5MW nuclear power station situated about 80 miles from Moscow 


It was the same away from main roads 
in most districts. In the country districts 
around Moscow, this type of shack forms 
the vast majority of the human habitations. 
For the most part they are grouped along 
the roadside to form straggling and un- 
planned villages. There are no regular paths 
up to the front door and no attempt to 
create formal gardens. Mud abounds in the 
short season between winter frost and 
summer sun, and everyone wore wellingtons. 


The Territory and Government of the U.S.S.R. 


The territory of the Soviet Union is so 
vast, the language barrier so formidable, 





At 7.35 p.m. we touched down at a Moscow airport 
and taxied into the glare of floodlights near the airport 
buildings. Mr. Malenkov, Mr. Ermakov, his deputy, and 
anumber of the members of the Soviet delegation were 
there to meet us, as was also the British Chargé d’ Affaires. 
We had arrived. 


Moscow 


The journey to Moscow by car traversed a smooth- 
surfaced wide road through open and later through 
suburban country. On entering the city, the noticeable 
features were the very large blocks of eleven-storey flats, 
and the feverish building activity by floodlight, to produce 
new ones. We passed through Red Square with the 
Kremlin on the left and the Gum stores on the right, on 
through Gorki Street and the Leningrad Highway to the 
Sovietskaya Hotel near the Moscow Dynamos’ stadium. 
The streets were wide—capable of accommodating five 
lines of traffic each way—street lighting was good and 
the shops from the outside looked cheerful. 

The Sovietskaya is a new hotel and is spacious and 
commodious. The lifts or wide marble staircases and 
ample corridors lead to panelled rooms or suites which 
comprise a lounge, breakfast room, bedroom, bathroom, 
ttc., for the more favoured guests. Radio and television 
are laid on in the principal suites, telephones are provided 
in all rooms, the barber or manicurist comes to your 
foom on request and there is a 24-hour service on each 
floor. There is a one-day-return laundry service in the 
hotel. The food was excellent and there was a dinner- 
dance most evenings. 

But, whilst paying full tribute for what has been done 
to modernize the centre and the main arteries of Moscow, 
I must in fairness state that this forms but a skeleton of 
what remains to be done. From the windows of the 
Sovietskaya one looks down upon a vast area of timber 
thacks. These are constructed of unsawn tree trunks held 
logether by dovetailing the side and cross members at 
the corners. Water is obtained from stand-pipes in the 
street. On one two-storey structure larger than fhe rest 
there were sixteen television aerials, which presumably 
denoted sixteen families resident within. 
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and the principles of government so different 
from those which operate here, that it would be wrong 
to dogmatize about the impressions gained during a 
fleeting visit of three weeks to a small part of the 
Union. 

The U.S.S.R. comprises one-sixth of the habitable 
land surface of the earth. The population of 200 millions 
is about one-twelfth of the world population. Geo- 
graphically it stretches some 6000 miles from east to west 
and 2800 miles from south to north. In summer the 
evening shadows are lengthening in Vladivostok when 
dawn is still tinting the Leningrad hills. The time 
difference between these two places is about eleven hours, 
and a Soviet express train takes 104 days to make the 
journey either way. The climate varies from subtropical 
in the south to arctic in the north. There are some 160 
nationalities, national groups and tribes in the Soviet 
Union. 

The highest organ of State power is the Supreme 
Soviet of the U.S.S.R. The country is divided into fifteen 
Union Republics of which the Russian Republic, 
occupying 75% of the territory and including over 50% 
of the population, is the largest. Next comes the 
Ukrainian Republic containing 5% of the area and 20% 
of the population. Within these Union Republics there 
are a total of seventeen Autonomous Republics, eight 
Autonomous Regions and ten National Areas, the 
purpose of which is to take account of local circum- 
stances where minorities within a Union Republic are 
distinguished by specific national features. Each of the 
fifteen Union Republics and the seventeen Autonomous 
Republics has its own constitution which must conform 
to the general pattern of the constitution of the U.S.S.R. 

The Supreme Soviet of the U.S.S.R. has a total 
membership of 1347 deputies. It consists of two 
chambers: the Soviet of the Union, and the Soviet of 
Nationalities. One deputy to the Soviet of the Union is 
elected for every 300000 of the entire population. This 
chamber, therefore, is intended to represent the common 
interests of all citizens irrespective of nationality. 

The Soviet of Nationalities is elected by the people 
voting by Union Republics, Autonomous Republics, 
Autonomous Regions, and National Areas on the basis 
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of twenty-five deputies for each Union Republic, eleven 
for each Autonomous Republic, five for each Autono- 
mous Region and one for each National Area. In this 
way the Soviet of Nationalities is intended to reflect the 
specific interests of all the nations and national groups 
in the Union. 

The two chambers meet separately, and together 
when as a combination they comprise the Supreme 
Soviet of the Union of Soviet Socialist Republics. The 
Supreme Soviet meets about twice a year—to pass the 
budget, enact laws, approve the successive five-year plans 
and receive reports on their implementation. The 
Supreme Soviet elects a Presidium as a standing body to 
act between meetings. It also appoints the Government 
of the U.S.S.R., elects the Supreme Court and appoints 
the Procurator General. The Presidium consists of a 
President (at present Marshal Voroshilov), fifteen Vice- 
Presidents (one for each Union Republic), a Secretary 
and fifteen members. 

It was pointed out to us that the President of the 
Presidium is not endowed with personal executive power 
as in the United States. He is simply the chairman of a 
committee. His appointment, therefore, does not cut 
across the principle of collective leadership. 

The Council of Ministers of the U.S.S.R. is the highest 
executive organ of state power in the Union. It is the 
Government of the U.S.S.R. and is appointed by, and 
responsible to, the Supreme Soviet. It issues decisions and 
orders within the law to implement the national economic 
plans; it guides the work of the Ministries, maintains 
order and guides foreign relations. 


Economic Organization 


There is practically no private property in the U.S.S.R., 
and the whole of the economic, social and cultural life 
of the people is controlled and managed by the Council of 
Ministers through fifty-six Ministries. All land belongs 
to the State. There are minor distinctions between State 
ownership of industry, State farms, collective farms, 
peasant holdings and co-operatives, but in essence every 
enterprise is owned and operated by the State. A person 
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The Dnieper Dam and hydy. 
electric station near Zaporozhie 


may own his own house and car, and in country districts 
a peasant or a collective may own a few domestic animals 


and may grow crops on the piece of land allotted for his 


own use. 

There is a Ministry for each industry and service, from 
the extractive industries such as coal and metal, through 
the manufacturing processes, wholesale and retail dis 
tribution, and the public services. For example, in the 
electrical power field there is a Ministry of Heaw 


Industry which manufactures boilers and turbines; a|‘ 


Ministry of Electrical Plant which manufactures alterna- 
tors, switchgear, motors and transformers; a Ministry 
for Electrical Instruments; a Ministry of Power Station 
Construction; and a Ministry of Power Stations, which 
plans, designs and operates power stations. 

There is no competition in the sense that two or more 
independent organizations are making and selling the 
same product. Output targets are set each year to conform 
to the national plan, piecework and group bonus schemes 


A 90 MVA single-phase 400{110]11kV transformer at Noginsk 
substation, near Moscow 


This is the terminal point of the Kuybyshev—-Moscow 400 kV a.c. trans- 
mission line. 
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ae prevalent, and the stigma of failure 
9 produce the required quota as an 
organization is very real. 

Prices are set so that with efficient 
operation and administration every 
enterprise should be able to make a 
profit. About nine-tenths of this profit 
goes to the Ministry of Finance, and 
this, together with sums set aside for 
depreciation of assets, the revenue from 
the State taxes on certain commodities 
and a small amount of income tax, is 
the source of Government income. The 
highest income tax was said to be about 
13% of the highest salaries. It was 
sated that out of the income derived 
in these ways the Government meets 
al current State expenditure—military 
and civil—and is able to finance all 
its capital projects as well. No doubt, 
ir an expanding economy, it is neces- 
sary to keep the volume of currency 
or credit in step with production but 
there was no information available to 
won this point. Capital expenditure is 
made by the various Ministries in accor- 
dance with the five-year plan, and no 
interest is charged on these investments. 

Perhaps one of the most arresting features of the 
Soviet administration is that it operates as an interest-free 
eonomy. There are two minor exceptions. Interest of up 
to 3% is paid on personal savings invested with the 
Government, and interest at about 2% is charged on 
working industrial capital to the extent that this is above 
al amount approved in relation to the turnover. This 
latter charge was said to have a salutary effect in 
controlling attempted stockpiling. 


The Wage Structure and the Trade Unions 


Since there is virtually no private property and no 
private enterprise, everyone works for a salary or a wage. 
Fach year the Government through the various Ministries 
étimates what the global amount of salaries and wages 
will be in the next ensuing year. These estimates are 
vetted by the State Planning Committee of the Council 
of Ministers; the most senior trade-union officials are 
parties to the estimates, and after Government approval 
las been given they become the economic bible for 
wlaries and wages during the next twelve months. The 
Glimates are based upon basic wage rates and salary 
wales for the various grades and estimated piecework 
aad bonus earnings. 

The trade unions are thus committed at the highest 
vel to a wage and salary bill that is appropriate to the 
ational output and national economy. When, therefore, 
ese estimates are translated into wage rates in indi- 
Wdual establishments there is no room for further 
fiscussion, and the main duty of the local trade-union 
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Mr. Lavrenenko, General Inspector, Ministry of Power Stations, Mr. R. Y. 
Sanders, Mr. J. Eccles, Mr. V. S. Ermakov, Deputy Minister of Power Stations, 
with a Russian local representative, on the road to Krasnaya Polyana hydro-station 
in the Caucasus, near Sochi 


The method of cantilever construction of the tower may be noted. 


officers is to encourage workers to fulfil the plan. They 
also administer benevolent funds and are very active 
in helping to further the political education of their 
members. 

There is one trade union for each industry, and in 
general everyone in that industry from the Deputy 
Ministers to the lowest-paid worker is a member of it. 
Each member pays one per cent of his earnings to the 
union. In addition a lump payment is made to union 
funds out of the profits retained by each establishment. 
From the proceeds of these two sources of income the 
unions meet their own expenses and mainly finance the 
personal rehabilitation service which exists in the form 
of rest homes and sanatoria. 

A health service exists and is financed by the State, 
but, when special treatment at spas or a period of 
convalescence is recommended by a medical panel, the 
matter is organized and up to 70% of the cost is defrayed 
by the union of which the person is a member. Member- 
ship of a trade union was said to be voluntary but the 
disadvantages of the non-member are great. 


Equality of the Sexes 


There is complete equality of the sexes in the Soviet 
Union—equality in disadvantages as well as in privileges. 
There is equal pay for equal work. One result is that 
women do their share of rough and heavy work. Women 
sweep the streets, work as bricklayers, stokers, turbine 
drivers and as labourers on the great construction 
projects. About 40% of the power station operators are 
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women. On the other hand, women fill technical and 
administrative posts at all levels. 


Wages and Incentives 

The wage structure is in two parts: basic wages and 
bonus. The basic wage of each grade from Deputy 
Minister to labourer is determined for each industry and 
appears in a printed schedule. The appropriate rate 
appearing in this schedule is the minimum entitlement of 
each adult person (over eighteen) fully employed on the 
particular job or grade. The wage increases with length 
of service. In addition there are the piecework or group 
bonuses. These are calculated in a complicated manner. 
For boiler and turbine operatives they are related to 
availability and efficiency of the plant. The itemized 
structure of the entitlement of each group is elaborate. 

It is possible to double the basic wage by bonus 
earnings but, as far as could be ascertained, a bonus 
addition equal to about two-thirds of the basic wage was 
more normal. That is to say, on the average, the total 
pay packet was made up of 60% basic wage and 40% 
bonus. Bonus can be earned only when the worker or 
group is making a contribution to the national output. 
Thus, if a boiler or turbine breaks down or is out of 
service from any cause, the group which operates that 
unit of plant ceases to receive the relevant bonus until it 
is restored to service. One effect of this practice is that 
the operators assist and encourage the maintenance staff 
to minimize the period of outage. 

Non-contributory pensions are paid, subject to a 


qualifying period of twenty-five years for men and 
twenty years for women, at the following ages: 


Men Women 
Normal workers 55 50 
Administrative workers 60 55 


The pension is 50% of the basic salary or wage and is 
payable at pensionable age whether the pensioner 
continues to work or not. It was stated that the majority 
of workers continue to work beyond pensionable age. 


The Working Week 


The normal working week is forty-six hours—five days 
of eight hours and six hours on Saturday. Generally there 
is no distinction in this respect between workmen and 
staff but heavy workers in certain industries work a 
seven-hour day. Shift work is the rule in every organiza- 
tion where production requires it or the service extends 
beyond eight hours a day. Overtime working -is not 
permitted except in very exceptional circumstances such 
as those following a national catastrophe or a serious 
accident. 

Sunday is a rest day but has no religious significance. 
Extra pay is not given for Sunday working. If work is 
done on Sunday which is outside the normal working 
schedule the worker gets equivalent time off. All shops 
are open on Sundays, a practice which enables people to 
shop on their rest day. 
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Industrial Development ‘ 

The Soviet Union is engaged upon a great programme 
of industrial and technical development. The succeggiye 
five-year plans set targets for each industry and ¢gch 
factory. Each programme is a fantastic exercise jp 
forward planning. The objectives are determined first ang 
the means are then worked out in great detail. The 
number and type of machine tools, the number and 
of horse-power of electric motors, the number of tractors, 
etc., are scheduled, the factories where they are to fe 
produced are listed, the location, size and type of the 
new factories are determined and, after aggregating all 
these activities, the motive power required to keep them 
going is calculated. This latter calculation determing 
the size and location of the electrical power stations tp 
be included in the plan. 

In the current (1955-60) five-year plan it is proposed 
to increase the installed electrical generating capacity 
from 37 000 MW to 75 000 MW. In Britain we propose to 
increase the generating capacity from 20 000 MW to about 
30000 MW over the same period. In the Soviet programme 
64% of the increase will be conventional thermal stations, 
29% hydro-stations and 7% (or 2500MW) nuclear 
stations. 

The largest steam generating sets in operation at 
present are of 150 MW capacity, operating at 2 400Ibj/in? 
and 1050°F with reheat to 977°F. The standard sizes 
in use are 25, 50, 100 and 150 MW. Designs have besa 
completed for 200MW sets, and larger units ate 
thought to be possible. So far they have not adopted 
the principle of one-boiler/one-turbine even on reheat 
designs. ; 

The largest hydro-electric sets in operation are rated 
at 105 MW. These are low-head installations operating 
at 68-2r.p.m. Designs are ready for 200 MW hydro-sets, 
which will operate at 250r.p.m. 

The individual hydro-electric stations are of large 
capacity. Kuybyshev and Stalingrad—both on the Volga 
—will have a capacity of at least 2 100 MW (twenty 
105 MW sets in each). There is a plan to divert some 
north-flowing rivers into the Volga, which would increase 
the flow and permit of a substantial increase in the 
capacity of each of these stations. Stations are planned 
on the Yenisei and the Angara rivers, each of which will 
comprise eighteen 200 MW sets, giving a station capacity 
of 3600 MW 

These large-capacity hydro-stations are for the most 
part located far from present centres of population; 
hence the Government is faced with the alternatives of 
transferring large groups of people to the power pro 
duction centres and establishing industries to use the 
power locally, or transmitting the’ power to the people 
over long distances. In practice they are doing both of 
these things. A town of 50000 people is springing up 
north-east of Stalingrad with the appropriate quota of 
industries to absorb part of the power that will be 
produced by the new station there. ; 

In addition they have built a 400kV double-circutt 
line from Kuybyshev to Moscow (505 miles) and propos¢ 
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4 400kV a.c. portal-type tower on the Moscow-Stalingrad 
transmission line 
The cables are strung on a novel type of insulator. 





to build a similar line from Stalingrad to Moscow to 
carry part of the output to the metropolis. 
The general pattern of power production seems to be: 


(a) To build combined heat and power stations in the cities so as 
to provide a heating service in a big way. These stations are fired by 
coal, oil or natural gas, which has to be transported a long distance 
—sometimes 800 miles. The capacity of these stations is governed 
by the industrial and domestic heating requirements. There are 
about 100 of these combined heat and power stations in the 
USS.R. 


() To build normal (condensing) electric power stations near the 
wal fields and hydro-stations on the great rivers and transmit the 
tnergy that is not used locally to the cities and districts remote 
fom these energy sources by means of very-high-voltage lines. 


The 400 kV line already in operation between Kuybyshev 
aid Moscow has been mentioned. Other lines at this 
voltage are being planned. An experimental 200kV d.c. 
line is in service over a distance of 75 miles near Moscow. 
An 800kV d.c. line (centre-point earthed) 300 miles long 
8 being constructed between Stalingrad and the Donets 
Basin. If this is successful the Soviet engineers plan to 
Standardize 1000kV for their long-distance d.c. trans- 
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mission between Siberia and European Russia. In all lines 
the centre-point of the d.c. circuit will be earthed. 

Practically all the plant and equipment now being 
installed are manufactured in the Soviet Union. The 
delegation saw a turbine works and an electrical genera- 
tor works in Leningrad, each employing 10000 workers. 
A transformer works employing 4000 at Zaporozhie, 
a switchgear works employing 7000 at Sverdlovsk, and 
cable factories at Moscow and Leningrad were also 
visited. Generally speaking the workmanship was good, 
but the tooling varied from very modern to mediocre. 

Transport of heavy loads to isolated sites seems to 
present problems. The core and windings of large 
transformers are transported in light gas-filled enclosures. 
The tanks are fabricated and assembly is completed on 
site. Extensive fabrication of sections of boilers is carried 
out on open sites adjacent to the power station, and these 
sub-assemblies weighing 30-60 tons are moved into the 
station on special bogies and placed in position with the 
aid of overhead cranes. 


Research 

Research is extensive and intensive. Part of the delega- 
tion visited a thermo-technical research institute where 
an experimental boiler was operating at 4600 Ib/in.? and 
1 100° F. The institute was founded in 1921 to investigate 
the utilization of low-grade fuel. There are twenty-seven 
laboratories and an experimental power station associated 
with the institute. All types of boiler, turbine and con- 
trol equipment are investigated. 

A nuclear research institute was visited. Here a particle 
accelerator operating at 680 MeV had been in operation 
since 1949. A more powerful accelerator designed to 
operate at 10000 MeV was in an advanced stage of con- 
struction. This is a race-track synchro-phasotron and 
comprises 88 electromagnets arranged in four quadrants 
on a track radius of 92ft. The space between the quad- 
rants is used to inject particles, to remove particles, and 
for measurement. The supply for the magnets is provided 
by four 12-phase motor-driven 750r.p.m. alternators 
equipped with heavy flywheels. These feed ignitrons. 
Each ignitron has an output of 800amp. A peak current 
of 12800amp flows through all magnet coils in series. 
There are five impulses per minute, the current rising for 
3-3 sec, decaying for 3-3 sec with a 5-4.sec pause between 
pulses. The peak value of the pulse was said to be 
170 MW. The building, which resembles the. Albert Hall 
in size and shape, is unshielded because the magnets are 
constructed to form a shield for the track. 

The experimental nuclear power station was visited. 
This installation has been described in detail in several 
publications. Briefly it consists of a pressurized water 
reactor with 128 channels, the effective length of each 
fuel channel being 67 in. The water pressure is 1 500 Ib/in.?, 
the inlet and outlet temperatures being 374°F and 
554° F respectively. The rated electrical output is 5 MW. 


Education 
The educational system in the U.S.S.R. is making a 
vigorous effort to meet the needs of a rapidly developing 
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industrial economy. There are 33 universities, about 800 
technical colleges and 220000 general educational schools 
in the Union. Seven years’ free education, from age seven 
to fourteen, is compulsory throughout the Union; in 
some cities ten years’ education, from seven to seventeen, 
is compulsory, and the hope is that this will eventually 
become universal. 

It was said that 37 million children were receiving a 
general education and that more than 14 million students 
were enrolled in the schools of higher learning, which 
include the universities and technical colleges. One of the 
latter—the Molotov Technical Institute, Moscow—was 
visited. Here there is a student population of 11000 of 
whom 32% are women. The college is divided into ten 
faculties: electric power; thermal power; hydro-power; 
design and construction of electrical plant and equip- 
ment; electrification of industry and transport; utiliza- 
tion of heat; electrical vacuum techniques; telemetering 
and computing; radio, radar and television; and a 
general faculty for evening studies. The average age at 
entrance is 174 years. Candidates have to pass an 
examination in mathematics, chemistry, physics, Russian 
and another language. The pass mark is 80%. 

During the first year the education is general. In the 
second year the student must choose between mechanical 
and electrical engineering, and during the third, fourth 
and fifth years, his studies are confined to the faculty in 
which he has elected to graduate. The course lasts five 
years with six months added for the preparation and 
presentation of the thesis. Each successful student is 
awarded a diploma, which indicates the branch of 
engineering in which he has qualified. This diploma is a 
common award for all technical colleges, but the name 
of the college is inscribed on it and this has some signifi- 
cance to employers, who seem to be aware of college 
reputations. Each session lasts 94 months with two 
months’ break in summer and two weeks in winter. 
Students are exposed to practical training for three 
periods of about two months each during their five year 
course. Eight per cent of the time in the early years is 
devoted to instruction in Marx—Lenin political economy. 
No fees are charged and most students receive main- 
tenance grants of between 300 and 500 roubles a month. 
The Director administers these grants and the amount 
paid to each student is determined by his progress in his 
studies. Similarly, although the professors and teachers 
are paid higher salaries than those for comparable 
posts in industry, their period of appointment does not 
exceed five years and reappointment is preceded by an 
appraisal of performance. The carrot and the stick are 
used to stimulate teachers and students alike. 

A list of situations vacant is posted at the Molotov 
Technical Institute about three months before the date of 
graduation. Shortly thereafter the final year students are 
interviewed by the Director and a panel of industrialists. 
If a student has a clear idea as to what he wishes to do 
and there is a suitable vacancy, the matter is settled, but 
if he has no positive ideas his future work is determined 
by the panel after about twenty minutes’ discussion. 
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Return » 

The party left Leningrad by air for Helsinki on je 
8th May and continued the journey home via Stockholm 
and Copenhagen, arriving at London on the 14th May. 


Conclusion 

The impression gained after three weeks’ travel 
and observation is that of a people pressing forward with 
an industrial revolution under a political doctrine which 
allows little scope for the expression of human personality 
or human waywardness. The whole system is dedicated 
to an idea which is expressed in the trite phrase ‘from 
each according to his ability, to each according to his 
work’. This is said to be the first phase, the second and 
final goal being ‘from each according to his ability, to 
each according to his need’. 

In the process there is a degree of regimentation of 
effort and ideas of which there is no equivalent in westem 
countries. Criticism is permitted so long as it is criticism 
of individuals rather than of the system. Knowledge of 
the outside world has not been made available to the 
public and foreign travel has been virtually prohibited, 

Hence one sees a people with no basis for forming 
judgments other than that which has been communicated 
to them by the Ministry of Culture. They are a people 
who in the main exhibit a stolid acceptance of things as 
they are, which merges into cheerful enthusiasm in those 
engaged on great construction projects. Unquestionably 
they are better off in a material sense than they have ever 
been before—even though the standard of life and 
comfort is considerably below that of the British people— 
and this to them is perhaps the strongest vindication of 
the system. Basic wages have remained constant since 
1947, bonuses have increased during this period and the 
prices of commodities have tended to come down. 

The people are very friendly and have a delightful 
sense of humour. Music and the arts play a large partin 
their cultural life. This characteristic and these expres- 
sions of the things of the spirit are perhaps the two most 
hopeful signs in a civilization which tends to regiment 
thinking and suppress opinion. Industrially, they are on 
the march. Soon they will be able to supply all their 
needs and enter the export market on a substantial scale. 

We are witnessing a great experiment in a particular 
brand of civilization. What the future holds is anybody's 
guess but it seems inconceivable that it should remain 
insulated from that ebb and flow of ethical and political 
opinion and practice which moulds the sense of values 
in other lands. These visits may be an indication that 
there is an awareness of this need. On the other hand, 
their belief in the rightness of their system is so profound 
and the missionary zeal to propagate it so evident that 
we shall have to show beyond a peradventure that outs 
is the better way before any liberalizing thoughts caa 
begin to take root. 

[t would seem that the international problems of the 
future between east and west will centre upon competr 
tion in ideas for the satisfaction of man’s spirit and upon 
competition in commerce to secure his bread and butter. 
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SOME DEVELOPMENTS IN LONG-DISTANCE RADIOTELEGRAPHY 


spheric propagation, one of nature’s gifts to the 
radio engineer, usually allows direct communication with 
any part of the world. Unfortunately, like so many gifts, 
the ionosphere is not exactly what the recipient would 
have chosen. It is a somewhat uncertain medium of 
propagation. Ionospheric disturbances may make signals 
very weak, and even under good conditions long-distance 
hf. signals always suffer from short-term fading. Signals 
are often accompanied by atmospherics, and by man- 
made noise and interference, and sometimes conditions 
deteriorate so far that channels become ‘uncommercial’, 
perhaps for many hours in a day. The radiotelegraph 
engineer's task is to minimize such failures, while 
preserving proper economy in equipment and operation 
and in the use of the ionospheric medium of propagation, 
which is common to all users. 

Much effort has been devoted to the development of 
transmitters, receivers, and directional aerials for impor- 
tant point-to-point links. Radiotelegraph receivers in 
particular have become very specialized devices, fed by 
two or more aerials spaced some wavelengths apart, so 
that the signals on them fade independently; usually the 
aerial with the strongest signal is selected to control the 
receiver Output by a built-in diversity switch. The detailed 
design of receivers depends on the type of modulation 
employed. The current fashion is to use frequency-shift 
telegraphy (f.s.t.), the two signal conditions, mark and 
space, being distinguished by transmission on two fre- 
quencies, typically a few hundred cycles per second apart. 
Receivers for signals of this type usually make use of the 
conventional f.m. technique, with limiters and frequency 
discriminators, ,but recent work has shown that this 
technique is not the best, though f.s.t. has some definite 
advantages as a method of transmission. 

Inefficiency in receiving equipment is particularly 
undesirable, for it involves the radiation of needlessly 
large amounts of energy by the transmitter, so aggra- 
vating the interference problem in the crowded frequency 
bands allocated for point-to-point services. Interference 
may also arise if there is excessive spread of the sidebands 
of the transmitted signal. Bandwidth can be controlled 
most effectively by filtering the modulated signal in the 
transmitter, but this is practicable only at comparatively 
low frequencies and low power levels; the filtered signal 
will in general be to some extent amplitude modulated, 
and the control of bandwidth will remain effective in the 
high- -power stages of a transmitter only if they are linear, 
a% in transmitters for independent-sideband telephony, 
There are, however, many transmitters in service with 
Class-C power amplifiers, which are simple and efficient, 
but essentially non-linear. These transmitters can carry 
{m. signals without distortion, and it is an advantage of 


osT long-distance radiotelegraph channels are 
Mi: the 4-30 Mc/s frequency band, where iono- 
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At a meeting of the Radio and Telecommunication Section 
on the 14th November 1956, Mr. H. B. Law presented 
several papers* written by himself and members of his 
group from the Post Office Research Station. The papers 
were the result of investigations into the reception of h.f. 
telegraph signals, and they are reviewed by Mr. Law in 
this article. They are all republished in this month’s issue 
of the Proceedings, Part B. 


H. B. LAW, B.SC.TECH., ASSOCIATE MEMBER 





f.s.t. that it provides a way of using them to produce 
signals of reasonable bandwidth. The controlling factor 
is the modulation waveshape. The optimum shape would 
give the fastest possible transition from mark to space 
and vice versa, while keeping the bandwidth within 
permissible limits, and investigation has shown that the 
best shape is trapezoidal. The sharp corners do not cause 
a widening of the spectrum, as they would with a.m. waves. 


Measurement of Receiver Performance 


As in much scientific and engineering work, progress 
in the technique of reception depends on measurement, 
and it is convenient to start by considering methods of 
measuring receiver performance. A good method would 
be closely related to the normal conditions of use, would 
be easy to apply, and would give readily interpretable 
results of adequate accuracy. One requirement is a source 
of fading signals for test purposes. The obvious technique 
of using genuine radio signals suffers from the disadvan- 
tage that it is completely at the mercy of the vagaries of 
propagation and interference, and an easily controlled 
laboratory source of fading signals is a great convenience, 
especially in development work. A fading machine giving 
substantially random fading has therefore been built. 
Natural fading arises from the combination in random 
phase of many small components, and a close apprcach 
to the Rayleigh amplitude distribution, characteristic of 
long-distance h.f. signals, has been obtained (Fig. 1, 
p. 150) by combining six components in random phase. 
There are facilities for producing frequency-selective 


* ALLNATT, J. W., Jones, E. D. J., and Law, H. B.: ‘Frequency Diversity in the 
Reception of Selectively Fading Binary Frequency- Modulated Signals.’ 

ALLNaTT, J. W., and Jones, E. D. J.: ‘An Investigation of the Spectra of Binary 
Frequency- ~Modulated Signals with Various Build- -Up Waveforms.’ 

Law, H. B., Lee, F. J., Looser, R. C., and Levert, F. A. W.: ‘An Improved 
Fading Machine.” 

Law, H. B.: ‘The Signal/Noise Performance — of Receivers for Long- 
Distance Synchronous Radiotelegraph Systems using Frequency Modulation.’ 
Law, H. B.: ‘The Detectability of Fading Radiotelegraph Signals in Noise," 
Hirton, C. G., Law, H. B., Ler, F. J., and Levert, F. A. W.: ‘Laboratory Test 
Equipment for’ Synchronous Regenerative Radiotelegraph Systems.’ 
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1 Measured amplitude distribution of signals from fading 
machine 
The straight line is the Rayleigh distribution. 





fading, which will be discussed later, and for injecting 
noise and interference. 

The fading machine makes it possible to simulate in 
laboratory tests the radio conditions under which long- 
distance services normally have to operate. What 
criterion of receiver performance should be adopted? 
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2 Example of radiotelegraph signal (5-unit code) 


a Perfect signal. 
b Disturbed signal from receiver. 
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The traditional technique is to measure performance jp 
terms of telegraph distortion, i.e. in terms of the displace. 
ments of signal transitions from their correct instants, 
This works well enough in line-telegraphy practice, 
but under the comparatively unstable radio conditions 
further transitions are apt to arise, as in Fig. 2, Causing 
splits and extras; these cannot be described in terms of 
displacements. Telegraph distortion is therefore an 
insufficient criterion of performance. Often it is also 
inappropriate. Most of the long-distance point-to-point 
services operated by the Post Office are of the direct- 
printing synchronous kind, and before being fed to the 
printers the signals are regenerated, by sampling at the 
centre of each element. Displacements of signal transitions 
are of little consequence; what matters is whether the 
signal elements are of the correct polarity at the instants 
of sampling. Evidently it would be logical to base the 
assessment of performance on the liability to error of the 
regenerated signals. This can easily be done in laboratory 
tests by comparing the received signals element by element 
with those sent, and test equipment operating in this way 
has been built. The arrangement of the apparatus is 
shown in Fig. 3. 
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3 Arrangement of test equipment 
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The error-counting technique has been applied in tests 
of conventional f.s.t. receivers, and it has been found 
that with steady signals the error liability is a simple 
exponential function of the signal/noise ratio. Tests with 
fading signals give results in good agreement with figures 
calculated from the steady-signal results. A typical steady- 
signal result is given in Fig. 4. The point (0, 0-5):is known 
a priori, for in a binary system there is an even chance 
that an element will be correct when the signal is com- 
pletely swamped by noise. The noisy-signal performance 


PROPORTION OF ELEMENTS IN ERROR, P 
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SIGNAL/ NOISE POWER RATIO IN 6kc/s BANDWIDTH 


4 Steady-state performance of a typical f.s.t. receiver 





can therefore be described in terms of the slope of the 
graph. It has been found convenient to adopt, as a 
measure of this slope, the signal/noise ratio corresponding 
to the error rate 1/2e. This characteristic signal/noise 
tatio provides a useful basis for comparisons between 
receivers. 

The idea can be carried a stage further by taking as a 
basis for comparison the performance of an ideal receiver, 
which would interpret signals with the minimum possible 
error liability. The variation of the error liability of the 
ideal receiver with signal/noise ratio has been calculated; 
with fading signals it is similar in shape to that observed 
with conventional f.s.t. receivers. Furthermore if sig- 
nal/noise ratios are expressed on an energy basis—the 
ratio of the energy in a signal element to the noise power 
per unit bandwidth—the characteristic signal/noise energy 


ratio of a receiver turns out to be just the amount by 
which it falls short of the ideal in the non-diversity recep- 
tion of flat-fading signals. This measure of the imper- 
fection of practical receivers has been provisionally called 
the demodulation factor. It would appear to be a valuable 
concept. 


Selective Fading and Frequency Diversity 

So far, only flat fading has been discussed, but the 
effects of frequency-selective fading must also be con- 
sidered. Selective fading, which is extremely common on 
long-distance h.f. channels, arises whenever two or more 
propagation paths with different propagation times are 
active simultaneously. It has usually been regarded as 
undesirable because it causes some telegraph distortion, 
but tests show that, in terms of error liability, the per- 
formance of conventional receivers operating at normal 
radiotelegraph speeds is little affected by typical selective 
fading. This is to be expected, for errors are likely to 
arise whenever the mark or space signals fade into the 
noise, and frequency selectivity of the fading does not 
alter the probability of such fades. Under selective-fading 
conditions, however, fades on the mark and space fre- 
quencies generally occur at different times. Fig. 5 is an 
oscillogram of a selectively fading f.s.t. signal, showing 
fading of the space signal while the mark signal is com- 
paratively strong. The strongly received elements (i.e. 
marks) are easily identifiable, but the conventional 
receiver would be liable to error in interpreting the weak 
elements if they were accompanied by noise of similar 
amplitude. But fading is nearly always very slow relative 
to the signalling speeds used in machine telegraphy, so 
that the indeterminate elements would have been strongly 
received had they been marks. Hence they can be 
identified with certainty as spaces. Errors need arise only 
on occasions, which may be comparatively rare, when 
fades occur simultaneously on both frequencies. Evidently 
the conventional receiver wastes some information; there 
exists the possibility of frequency diversity, a possibility 
which the conventional receiver completely fails to exploit. 
In fact the limiter destroys the vital information about 
signal amplitude, on which the realization of frequency 
diversity must depend. 

Theoretical study of the response of the ideal receiver 
to selectively fading signals shows that at an element 
error rate of 1 in 10* frequency diversity improvements 
of up to 6dB may be obtained in two-aerial reception; 
the corresponding figure for single-aerial reception is 





5 Oscillogram of a selectively fading f.s.t. signal 
A fade of the space signal is shown. 
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15dB. Also the theory may be used as a guide in the 
design of practical equipment, for it gives a mathematical 
specification of the ideal demodulation process. An 
experimental equipment has been built, which, while 
avoiding the complexity that full accord with the mathe- 
matical specification would involve, complies with it in 
several respects. The most important feature is that the 
received signals are assessed in’ terms of the expected 
amplitudes of mark and space signals, derived from 
earlier elements. 

The arrangement of the experimental unit is shown in 
Fig. 6. It is fed from an intermediate frequency stage of 
a conventional dual-diversity receiver, the normal opera- 
tion of which is left undisturbed, so that comparisons 
between the conventional and experimental techniques 
are easily made. In the experimental unit the mark and 
space signals in each aerial path are processed in separate 
diversity branches. With a mark branch, for example, 
after suitable frequency changing, the signals are applied 
to a filter responsive to the mark frequency and having 
a build-up time approximately equal to the duration of 
a signal element. The build-up is linear, and at an instant 
corresponding to the end of a signal element the filter 
output is a measure of the mark-frequency energy applied 
to it during that element. Continuing along the mark 
tranch, the filtered signal is rectified and then applied to 
an assessor. This gives a quantitative indication of the 
presence or absence of the mark signal, by comparing 
the rectified signal voltage with a judgment level about 
half-way between the voltage to be expected in the 











presence of a mark signal and that to be expected in jts 
absence; these reference voltages are obtained from 
earlier signals and noise by resistance-capacitance storage 
circuits of suitable time-constant. In effect the asseggor 
subtracts the voltage corresponding to the judgment 
level from the detector output voltage, and the result jg 
a voltage of which the sign depends on whether the mark 
signal is judged to be present, and the magnitude depends 
on the mark signal strength. Thus the absence of a mark 
signal, which would be strong if it were present, gives q 
strong indication of space. The space branches operate 
similarly, giving outputs of opposite polarity. The out- 
puts of all branches are combined, on a voltage basis, 
limited, and fed ta line as square telegraph signals, 
Theory shows that it is better to combine the outputs 
than to select the largest, as is more usual; ideally the 
combination should be on a power basis. 


Test Results 


The performances of the new and conventional units 
have been compared in the laboratory and at Somerton 
radio station. The laboratory tests, using signals disturbed 
by white Gaussian noise, showed the predicted frequency- 
diversity improvement. The field tests were made on 
signals from Australia, with printers operating simul- 
taneously on the outputs of the two units. The copy 
received during successive five-minute periods was 
analysed for errors, with the results shown in Fig. 7, in 
which each plotted point shows the number of errors in 
a test period; the curve (a) is the result of laboratory 
comparisons, with optimum selective fading, and 
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1 Relative performance 
of conventional and 
experimental units 


a Curve corresponding to 
laboratory test results, 
with optimum selec- 
tive fading; signals dis- 
turbed by white noise. 

b Curve of equal error 
rates. 

Points are results of field 

tests, using signals from 

Australia. 


ELEMENT ERROR RATE (CONVENTIONAL RECEIVER) 





ELEMENT ERROR RATE (EXPERIMENTAL DEMODULATION UNIT) 


than that obtained in the laboratory, was nevertheless 
substantial. The reduction in improvement may be due 
to significant correlation of the mark and space fre- 
quencies and to disturbances, such as atmospherics and 
interference, which differ greatly from the white noise 
wed in the laboratory tests; much remains to be learned 
on these topics. Improved equipment has now been built, 
and the experiments are being continued. 


Conclusion 
The investigation is still in progress and it will be some 
time before any firm conclusions can be drawn about 


Hermes, a new machine for the separation of isotopes, has 
now begun to operate at the Atomic Energy Research 
Establishment, Harwell. Its name is derived from the full title 
of Heavy Element and Radioactive Material Electromagnetic 
Separator. 

The isotopes, which are chemically identical, are separated 
fom one another by accelerating a beam of electrically 
charged atoms through regions where electric and magnetic 
fields cause groups of them differing slightly in weight to 
follow different paths.” 

There are two other electromagnetic separators at Harwell, 
but the purpose of Hermes is to separate radioactive isotopes. 
The machine and its ancillary equipment are consequently 
ecially designed to handle highly toxic and radioactive 
Materials. It is the largest and most complex machine in 
Western Europe yet built into a sealed space. In effect, it is 
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the value of the frequency-diversity technique; however 
the results already obtained are promising. The concept 
of the ideal telegraph receiver has proved useful, both as 
a guide in the design of practical equipments, and as a 
basis for the assessment of their performance. Experience 
has shown that measurements of receiver performance 
in terms of error liability are easily made with reasonably 
simple test equipment, and that the results are readily 
interpretable; accordingly it is suggested that error 
liability should replace telegraph distortion in the 
specification of receivers for synchronous regenerative 
telegraphy. 


ER IM 8 S—a new isotope separator 


enclosed in a glove box—a device in which poisonous and 
radioactive materials can be handled in complete safety, and 
which is already used widely in nuclear energy work. Servicing 
and maintenance of the machine is,carried out by men in 
heavy rubber suits, who enter the sealed building through a 
corridor. The machine is controlled from a nearby room. 

Investigation of the fundamental nuclear properties of 
separated radioactive isotopes is of great importance, not 
only in extending our knowledge of nuclear physics, but also 
in providing data often vital for the development of advanced 
reactor technology. Hermes will be used, for example, to 
assist the precise measurement of the nuclear properties of the 
various types of plutonium which may be generated in a 
nuclear reactor. It is capable of separating isotopes of pluto- 
nium in milligramme quantities, and may be used to separate 
radioactive isotopes of other elements. 
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Wiring Regulations—Recent Interpretations 


(Issued on the Ist March 1957) 


The 13th Edition of the Regulations for the Electrical Equip- 
ment of Buildings was issued on the Ist September 1955, and 
the following abstracts of interpretations have been issued to 
the technical Press at home and oversea; Ist set, 3rd September 
1956 (published in the Journal, October 1956, page 598). 
2nd set, 3rd December 1956 (published in the Journal, January 
1957, page 31). Separate reprints of these sets of abstracts are 
available from the Secretary, price 6d. each, post free. 


The following abstracts of interpretations, the third group 
concerning the 13th Edition to be published, are of general 
interest and involve clear-cut issues. As is customary the 
names of inquirers are not included. In some instances the 
inquiries and replies have been edited to make the interpreta- 
tions of more general application. In view of the interest 
widely expressed, arrangements have been made to release 
further abstracts. of this kind at regular, probably quarterly, 
intervals. 

It should be borne in mind that The Institution cannot 
undertake to comment on particular installations or types of 
equipment and material. Such a duty falls within the province 
of a professional consulting electrical engineer or a testing 
establishment. Nor does The Institution attempt to adjudicate 
on differences of opinion which may arise between supply 
undertakings and consumers; the statutory provisions for 
dealing with such matters in Great Britain are contained in 
the Electricity Supply Regulations, 1937* (H.M. Stationery 
Office), and in Northern Ireland in the Regulations of the 
Ministry of Commerce. 


Inquiry 28 Regulation 407(iv) 

Does Regulation 407(iv) apply to lead-sheathed cables 
having a copper earth-continuity conductor in accordance 
with Table 5 and with B.S. 7 ‘Rubber-insulated Cables and 
Flexible Cords’, Clause 37? In other words are earthing- 
clamps necessary at every discontinuity in the sheath? If so, 
the advantage of using lead-sheathed cables with copper 
earth-continuity conductor is not clear. 


Reply 

Regulation 217 requires that ‘metal sheaths .. . of cables... 
shall be earthed in accordance with the requirements of 
Section 4 [See in particular Regulations 402(A) and 406], and 
if the sheath . . . is used as the earth-continuity conductor, . . . 
the requirements of Regulation 407 shall be complied with. 
Where non-metallic boxes are used means shall be provided 
to maintain the continuity, such as a metal strip having a 
resistance not greater than that of the sheath of the largest 
cable entering the box.’ 

Regulation 407(B)(iv) requires that ‘joints in . . . metal 
sheaths . . . shall be soundly made and protected where 
necessary against corrosion’. Regulation 402(A) calls for the 
earthing of ‘all metalwork associated with wiring systems, . . . 
including cable sheaths. . .’ 

Regulation 406 states the basic requirements for earthing 
* By virtue of Section 60 of the Electricity Act, 1947, and Section 1 of the Elec- 
tricity Re-organization (Scotland) Act, 1954, ‘these Regulations made by the 


Electricity Commission now have effect as if made by the Minister of Power and 
the Secretary of State for Scotland acting jointly under these Acts. 
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where protection by fuse or overload circuit-breaker js 
admissible, and the test prescribed in Regulation 507 is ugeg 
to show compliance; the use of a copper earth-continuity 
conductor in reinforcement of a lead sheath assists compliang 
with these requirements. Compliance does not however 
remove the need for bonding of a lead sheath at discontinuities 
in accordance with Regulation 402, to obviate risk of a length 
of sheath becoming live under fault conditions. 


Inquiry 29 Regulation 503 


We find that Regulation 503(B) is being applied to large 
fluorescent-lighting installations and, in one particular 
instance, each luminaire containing six 4 ft 40-watt fluorescent 
tubular lamps and control gear is considered to be a single 
outlet. Further, no distinction is made whether the insulation 
test is performed whilst the control gear is ‘hot’ or ‘cold’. 

In view of the large number of fluorescent-lighting installa 
tions in use to-day, we feel that comment on the following 
points would be most helpful in clarifying the position and 
providing guidance in the future: 


(a) The insulation resistance of an inductively wound 
ballast unit may be considerably lower when the unit is hot 
than when it is cold. 

(b) B.S. 2467: 1954 ‘Minimum safety requirements for 
lighting fittings for use with hot-cathode tubular fluorescent 
lamps’ specifies a minimum insulation resistance of 1 megohm 
per fitting measured at normal room temperature. (This has 
been interpreted as meaning that the control gear is also at 
normal room temperature, i.e. the control gear is cold.) 

(c) The draft British Standard for fluorescent tubular-lamp 
control gear specifies a minimum insulation resistance of 
2 megohms per ballast when measured at a temperature of 
75° C, i.e. when the control gear is hot. 


We appreciate that Regulation 503(C) could be applied to 
a fluorescent lighting installation, but we should like to know 
whether the term ‘apparatus’ refers to a luminaire with six 
or more fluorescent tubular lamps, or to each individual lamp 
circuit. Also, should the test specified in Regulation 503(Q) 
apply to ‘hot’ or ‘cold’ control gear? 


Reply 

The insulation test prescribed in Regulation 503 has to be 
carried out before the installation is permanently connected 
to the supply and is, therefore, taken with any connected 
apparatus cold. 

Regulation 503(B) requires the test for insulation resistance 
to be carried out on the whole of the wiring and accessories of 
the circuit or circuits under test. 

Regulation 503(C) permits apparatus to be disconnected 
during the test prescribed in Regulation 503(B), provided 
that the disconnected apparatus is separately tested and has 
insulation resistance not less than that specified in the appro- 
priate British Standard, or 0-5 megohm, whichever is the 
greater. This procedure may be advantageous where the 
connected apparatus would prevent the test required under 
Regulation 503(B) giving a true indication of the insulation 
resistance, 


JOURNAL I.E.B- 





Th 
13th |} 
regar 
3-pha 
repor 
Manc 
out 
F/TI! 
of 3- 
cable: 
condi 

In 
multi 
balan 
show: 








with | 


MAR 








Ker is 
S used 


liance 


NUities 


icular 


single 
lation 
stalla- 
wing 
1 and 


ound 
s hot 


> for 


EES 


tion 








Lighting fittings complying with B.S. 2467 fall within the 
scope of the term ‘apparatus’ used in this clause; each lumi- 
naire with all its equipment must have an insulation resistance 
not less than that specified in Clause 6(c) of B.S. 2467. 

The British Standards Institution regularly point out that 
when draft Standards are circulated for comment, they 
should not be used as British Standards in advance of final 
publication. When the draft Standard for fluorescent-lamp 
control gear is published, it will doubtless come before the 
Wiring Regulations Committee for citation in any revision 
of the Regulations. 


Inquiry 30 Tables 
What ratings apply to cables carrying 400c/s a.c.? 


Reply 

The a.c. ratings given in the tables of current rating of the 
13th Edition apply only to a frequency of 50c/s. For guidance 
regarding ratings of certain cables carrying 400c/s balanced 
}phase a.c., reference may be made to the undermentioned 
report by the Electrical Research Association, Thorncroft 
Manor, Dorking Road, Leatherhead, Surrey, on tests carried 
out at the request of the Wiring Regulations Committee: 
F/T191 ‘Current ratings and impedance at 50c/s and 400c/s 
of 3-core paper-insulated, lead-covered single-wire-armoured 
cables, and single-core rubber-insulated cables in steel 
conduit’. 

In the extreme example described in this report (0-2 in.? 
multicore cable), the reduction in rating of cables carrying 
balanced 400c/s a.c., compared with the rating at 50c/s, is 
shown to be 25%. The difference in length of run for 1-volt 





drop may be considerably more than this for the larger sizes 
of cable, particularly where single-core cables in conduit are 
used. For small cables and flexible cords, such as may be used 
to supply individual tools, the difference in the 50c/s and the 
400 c/s ratings may be negligible, but in appropriate instances 
the advice of a professional consulting electrical engineer 
should be obtained. The matter continues under study, with 
a view to treatment in a future revision of the Regulations. 


Inquiry 31 Table 17 


For 4-core paper-insulated lead-sheathed armoured cables, 
current ratings are given in Table 17 for conditions of installa- 
tion defined on page 107. Under Clause 3(b) it is stated that 
cables are assumed to be remote from steel, other than the 
cable supports. However, Appendix G, dealing with factors 
for proximity to steelwork, refers only to single-core cables. 
What rating factors, if any, should be applied to multi-core 
cables run in proximity to steel? 


Reply 


In the conditions of installation adopted by the Electrical 
Research Association in the tests which formed the basis for 
the current ratings set out in Tables 12-22 and 25 of the 
13th Edition, cables were remote from iron, steel or ferro- 
concrete, and this fact is accordingly pointed out in the notes 
appearing on p. 107. Rating factors for proximity to steelwork 
need not, however, be applied to multi-core cables, and the 
ratings stated for such cables (e.g. in Table 17) therefore apply, 
without modification, to an installation such as you describe. 
This point will be considered more fully when the Regulations 
are next revised. 
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Mr. J. S. Pickles (left) discusses the early Crompton generator 
with Mr. J. B. Scott [see next page] 
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Electricity from Atoms Exhibition held at the McLellan 

Galleries, Glasgow, in early January. The Exhibition was 
organized by the South of Scotland Electricity Board with 
the aim of explaining in the simplest terms the use of nuclear 
power for generating electricity. The Board’s proposal to 
build a 360 MW atomic station on the Ayrshire coast has 
naturally aroused a great deal of local interest, and the 
Exhibition was exceptionally well attended. On show were a 
number of power-station models. 

By means of photographs and descriptive panels many of 
the questions now posing themselves to the public mind were 
fully explained. The safety angle was particularly well empha- 
sized, both from the point of view of the operation of the 
reactors and of freedom from radiation. To correct the 
popular misconception that all future generating stations are 
likely to be nuclear, the nation’s dependence on coal stations 
was. clearly stressed. High-lighted was the Kincardine station 
on the River Forth, which, when fully developed, will rank 
among Europe’s largest. 

Examples of the latest electrical appliances were shown in a 
very striking pavilion, roofed and walled with colour-changing 
panels of translucent vinyl sheeting. Here was explained the 
importance of developing off-peak loads as a means of raising 
power-station efficiency, reference being made to thermal- 
storage units for space warming and water heating. From this 
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Precis the first of its kind in Britain was the 





ultra-modern and brilliantly lit display, the visitor descended 
a small staircase back to 1880, where, against a background 
of dark paint and mahogany, stood one of the few remaining 
links with the very early days of electricity supply in Scotland 
—a 1-S5kW generator supplied by Col. Crompton in 1880 to 
light Glasgow’s Post Office with several arc lamps. This 





SCIENCE FOR MODERN LIFE 


The following two articles by Dr. J. Bronowski, Director of the 
Central Research Establishment of the National Coal Board, 
appeared in ‘The Observer’ on the 7th and 14th October 1956. 
They are reproduced here by kind permission of Dr. Bronowski 
and the Editor of ‘The Observer’. 

Many members will no doubt have read the articles already, 
but we make no apology for providing an opportunity for reading 
them again. The first skilfully illuminates a defect in the outlook 
typical of someone following the ‘British way of life’-—a way of 
life of which many of us are justly very proud. But the ill effects 
of this taint, if it is not swiftly attacked by a change in educa- 
tional emphasis, will be increasingly plain as our economy comes 
to hinge more and more on the use of scientific method. 

In his second article, Dr. Bronowski is on slightly more 
controversial ground, where he makes some constructive and 
challenging suggestions for improving the teaching of science in 
schools. The Institution is now very concerned with this diffi- 
culty of scientific outlook and education; it is indeed one which 
every member should apprehend and help to resolve if oppor- 
tunity is given him, 


J. BRONOWSKI, M.A., PH.D. 





1. DR. ARNOLD’S GHOST 


oo few able young men and women in Great Britain 

go to universities; too few of those who go come from 

the working classes; and too few, when they go, read 
science. In all three respects the United States and Russia do 
much better than we do. It has been a shock to learn in the 
last year that the number of students of pure and applied 
science of university standard in Russia is higher, per million 
inhabitants, than it is in America, which means that it is at 
least twice as high as in Britain. 

The Government has announced plans to attack this start- 
ling disproportion by expanding the technical colleges. It offers 
to spend (mostly on buildings) about £100 million spread over 
five years. That is, for five years each man, woman and child 
in this country may pay twopence a week to replace the sooty 
morgues in which technical teachers now struggle. This splen- 
did sum is hardly likely to put us back in the world class. 

But, of course, the shortcomings of our plans go deeper 
than their cost. They lie in the minds of those who made them; 
they reach back to the tradition in which they think and the 
schools in which that tradition was formed. No one who 
planned this enlargement of technical colleges is thinking of 
sending his son to one. 
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wonderful old machine, which is in perfect running order, has 
been carefully preserved by the Board and its predecessors for 
many years. During the Exhibition it was officially presented 
to Mr. J. B. Scott, of Crompton Parkinson, for safe keeping 
in the firm’s collection. The presentation was made by Mr, 
J. S. Pickles, Chairman of the South of Scotland Board. 





Hamstrung 


We are hamstrung everywhere in public life by a tradition 
which treats science merely as a technical skill. To those 
brought up to this view, science is something that others do 
for them, as others check their carburettor or their hearing. 
aid. A scientist to them is a specialist at some job, and an 
education in science has no meaning other than to train him 
for his job. 

This is the ghost which haunts the schools: the ghost of Dr. 
Arnold, which still insists that the classics belong to culture 
and science does not. And it must be laid in the schools. The 
broadening of the universities, the raising of technology (that 
is, of the fundamental study of applied science) to university 
status, the invigoration of the technical colleges, are all 
needed. But at bottom they can grow from one root only—a 
living education in the schools. The great schools in the past 
did not teach Latin and Greek as subjects for specialists; now 
they must come to teach science as those subjects were taught, 
to make men and citizens. Unless they do this, we are doomed 
as a nation, however many scientific and technical specialists 
we train at college; for a nation is not led and governed by its 
specialists, either in science or in Latin. 


Only Euclid 


A hundred and fifty years ago arithmetic was taught in 
mechanics’ institutes in order that those who learnt it might 
be better able to do their work. Fifty years ago the calculus 
was taught in this way in schools, to those who might become 
engineers—or, of course, school-teachers. Each in its day was 
a vocational subject, necessary to the livelihood of some, but 
not to the culture of gentlemen. Only Euclid, who was a 
Greek, had a place in that. 

Arithmetic has long ago passed beyond this narrow status, 
and the calculus has done so more recently. They have come 
to be necessary to every educated man’s appreciation of the 
world as it is, and so have become pieces in that elaborately 
patterned mosaic which is his culture. Everything that children 
have to learn at school has moved by these steps, from @ 
vocational subject to a cultural one: reading and writing as 
much as arithmetic, and French as much as the calculus. 

This is the step we must now take in the teaching of science. 
Science was once the monopoly of specialists, but now it 
enters the life of everyone. The switchboard and the motor- 
car, the treatment of flour and of cigarette paper, the building 
of a créche and of an atomic pile, are our daily concerns; by 
these we move and act and live. And this goes deeper than the 
mechanics of earning our living. When a society is penetrated, 
as ours is, by technical skills and engines, the decisions of 
State cannot be taken out of the context of science. 

No voter can make or advocate a responsible choice on, 
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say, inoculation against polio or on cigarette smoking unless 
he has a general sense both of the statistics and of the causes 
of diseases. No Member of Parliament can ponder the 
decisions he has to make on bombs or on power stations—or 
on technical colleges—without some understanding, among 
other things, of how human inheritance works. And no 
Minister can make intelligent judgments on that most pro- 
found of contemporary issues, the secrecy which surrounds 
fundamental atomic research, until he is at home in the 
tradition of science since Giordano Bruno and Galileo. 


In the Schools 


The foundation for these judgments is knowledge: a know- 
ledge of science as easy and familiar as is the educated man’s 
knowledge of literature and of history. The man who can tell 
Milton from Kipling, who knows that Pitt and Napoleon were 


contemporaries but stood on opposing sides, must be equally ° 


clear on the contexts of, and the differences between, a mean 
and a meson. 

This is what is meant by making science a part of culture, as 
literature and history are. And it must begin in the schools, 
by turning the science syllabus from the vocational direction 
in which it has become fixed. I make five practical proposals 
for this in the second article. 


2. A SYLLABUS FOR SCHOOLS 


CIENCE is still taught in schools as if every boy and girl 
Gries become a scientist. This closes the minds of those 

who have no vocation for science and makes them hostile 
to it for ever after. Our public life is full of these mutinous 
humanists, affecting a hollow disdain for the technical fabric 
of civilization, who govern what they do not understand. But 
science is now ravelled up in everything we do and think 
about the world, and it must therefore be taught to everyone, 
as English and history are, as a necessary and imaginative part 
of their culture. 

This was my argument above, and I have now to turn 
it into factual proposals. How can the syllabus of schools be 
changed so that it can make the fundamentals of science native 
inthe mind of every pupil? 


Number Language 


I will begin at my own subject, mathematics, much of 
which is still taught as if it were a dead language—all formal 
manipulation and grammar. Mathematics is indeed a lan- 
guage, to describe those aspects of the world which can be 
expressed in numbers or other relations of order. But it is a 
living language; it is learnt by speaking it—that is, by trans- 
lating constantly from the everyday into mathematics and 
back into the everyday. What is a penny rate worth, how much 
uranium is there in the streets of London, how often do mutant 
genes meet?—such questions tell children what the text- 
books do not, how the language of mathematics is really 
spoken. 

In this setting, we need to make the methods of statistics 
a part of the education of everyone. Only so can the non- 
scientist learn to use averages and approximations, confidently 
to divide the national debt or the German battle-losses by the 
Population, and to know in his bones the difference between a 
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million and ten. And deeper than this, only so can we all learn 
to reason from statistics, and in this reasoning to glim se the 
new concepts in science which are ousting the mechanistic 
outlook of the nineteenth century. 

My second proposal is in physics and chemistry. The 
central concept in these subjects to-day is the atomic model of 
matter, but because this has been created in the last sixty 
years, it comes at the end of the school course. It should come 
at the beginning, and the physical and chemical behaviour of 
matter should from the outset be shown consistently to flow 
from it. The picture of the way an atom holds together, and 
atoms hold to one another, can be made real and exciting to 
the non-scientist, whose visual sense is often stronger than his 
gift for handling either concepts or symbols. This vision of 
the world by shape and structure is characteristic of the 
newer sciences, and it is time that it displaced the classroom 
preoccupation with number and quantity. 

And the atomic model lends itself to statistical as well as 
to such geometrical thinking. There is no reason why the non- 
scientist should go on goggling at Boyle’s Law as an inex- 
plicable accident imprisoned in a piece of barometer tubing. 
It will come to life for him in the statistical mechanics of 
atoms. 

My third plea is for more biological teaching. There is a 
wealth of natural material and natural interest in plants and 
insects and the animal processes, which somzhow we allow 
to wither at school. And this once again presents the con- 
junction which I think cardinal in modern science—a geo- 
metrical side, for example in plant structure; and a statistical 
side, for example in animal genetics. Moreover, biology offers 
the personal pleasures of collecting and of skill of hand. Many 
children (and adults) whose imagination grows slowly come 
to the arts by way of collecting, observing and drawing, of 
taking apart and putting together; and there is surely a way 
through these also into the sciences. 

Fourth, we need to teach science, even at school, not as a 
collection but as an evolution of knowledge. Science has a 
history, which throws out bridges for the non-scientist into 
Elizabethan literature, and the rebuilding of London after the 
Fire, and the other things he knows. And science has de- 
veloped always by question, challenge and argument: the 
classroom should learn its history as a long, rational debate. 


Reason and Fact 


This debate can show the real nature of the scientific 
method, which constantly confronts reason with fact, generali- 
zation with deduction. From the facts we generalize, from the 
generalization we deduce what should be new facts, and then 
we test these in the real world to.see whether the facts are 
indeed so or not so. This to and fro between the logical and 
the empirical is the core of the scientific method, which non- 
scientists seldom seize because they do not see science as a 
progress. 

I should like to add a fifth point to these four. It is that all 
boys and girls, before they leave school (and whatever they 
are to be in later life), should do one small piece of personal 
scientific research. It can be as simple as the pitch of an 
insect’s wing-beat, or the composition of a rock, or growing a 
crystal. What is needed is that it should take a little tim2, a 
little reading and more thinking, and that it should be done 
alone. I believe that this modest experience can bring home 
to the non-scientist what is most strange to him—how direct, 
how exhilarating, and how uncompromising the adventure of 
science is to us who live by it. 
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A REVIEW of the Proceedings, Parts A and B 





SHORT REVIEWS OF PAPERS 
V.L.F. Direction-Finding 


A short review of a Radio and Telecommunication Section 
paper (No. 2265) entitled ‘Very-Low-Frequency Propaga- 
tion and Direction Finding’, by F. Horner, M.Sc., Associate 


Member. The paper is published this month in Part B of 


the Proceedings. 


THE GENERAL TREND IN THE DEVELOPMENT OF RADIO 
services over the years has been away from the low 
frequencies, as the potentialities of metre waves, and then 
of centimetre and even millimetre waves were exploited. 
Nevertheless there are three factors which have served to 
maintain, and recently to increase, interest in waves of 
very low frequency. The first is the suitability of these 
frequencies for detecting and locating thunderstorms, 
since the energy received from a lightning flash is a maxi- 
mum at about 10kc/s. The second is their value as a 
tool for investigating the physics of the lowest regions of 
the ionosphere, and the third is their use for some 
modern navigational aids. 

The investigation described in the paper arose from the 
first application, but yielded useful information on the 
second. It was required to know to what extent radio 
bearings taken on atmospherics, at a frequency of 10 kc/s, 
were affected by the presence of horizontally polarized 
components in the waves reflected by the ionosphere. 
The direct measurement of the bearing errors was 
difficult, because the true position of the source of an 
atmospheric was rarely known. The reflecting properties 
of the ionosphere were therefore studied by taking 





bearings, with a crossed-loop cathode-ray direction. 
finder, on the Rugby transmitter GBR (16kc/s) at 
distances of the order of 100km. This information was 
then used to decide what errors would be expected ona 
transient signal such as an atmospheric. 

The measurements on GBR confirmed expectations 
that large bearing errors would occur at night, par 
ticularly over a path about 300km long. Photographs of 
the cathode-ray tube of the direction-finder, taken when 
atmospherics were received from this range, were then 
examined for evidence of correspondingly large errors, 
The illustration shows some of these records, taken on 
a fast-moving film so that the later parts of the atmo- 
spherics are displaced slightly to the right. The important 
feature of these records is that in many of the examples 
there are large changes in the indicated bearing through 
out the duration of the atmospheric. The interpretation 
of this effect is that a signal is first received by ground- 
wave propagation and indicates a substantially correct 
bearing, since it is vertically polarized. This is visible in 
most of the examples shown. The ionospheric waves 
arrive later, having travelled over longer paths, and since 
they contain horizontally polarized components they 
lead to errors on a crossed-loop direction finder; the 
trace becomes complex and the indicated bearing may 
change. The observed changes are of the order to be 
expected from the work on c.w. signals, and the effects 
are more pronounced by night than by day because the 
ionospheric waves are stronger. 

The practical importance of these effects in the location 
of thunderstorms is reduced by a number of factors. 
First the effects are greatest at about 300km, at which 


Direction-finding observations 
on atmospherics 
The traces show rotation of the 


apparent bearings by the following 
angles: 


a Zero e 58° 
b 4° f 90° 
e 21° g 60° } approx 
d 38° h 90° 
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range large directional errors do not necessarily lead to 
serious positional errors. They are greatest at night, and 
sorms do not occur frequently during the hours of 
darkness in England. Also, it is difficult to read a bearing 
on the more complex traces and many are ignored; there 
isa marked tendency for more observations to be missed 
by night than by day, and some of the largest errors are 
thus eliminated. 

The information gained in this investigation forms a 
useful basis for assessing the accuracy of thunderstorm 
location, but the ultimate accuracy depends on the 
manner in which the bearings are read and plotted and 
on the way in which the plots are interpreted. 

The measurements on the Rugby transmitter were 
carried out (in spite of the extensive previous work on 
the propagation of 16kc/s waves) because workers at 
diferent stations had reached somewhat different con- 
clusions regarding the reflecting properties of the iono- 
sphere. The opportunity was therefore taken to observe 
bearings simultaneously at two stations. The comparisons 
indicated that there was a genuine difference in the 
reflecting properties of the ionosphere along paths in 
different directions from the transmitter, presumably 
caused by the effects of the earth’s magnetic field. The 
main effect was a difference in the polarizations of the 
reflected wave, and the total energy reflected appeared to 
be independent of the direction of propagation. 

621.396.11 : 621.396.933.2 


linear-Sweep Circuits 


A short review of a Radio and Telecommunication Section 
paper (No. 2228) entitled ‘Junction-Transistor Bootstrap 
Linear-Sweep Circuits’, by K. P. P. Nambiar, B.Sc., 
Graduate, and A. R. Boothroyd, Ph.D., Graduate. The 
paper was published individually in January 1957, and it 
will be republished in Part B of the Proceedings. 


DESPITE THE CONSIDERABLE DIFFERENCE IN THE PROPERTIES 
of the junction transistor and the thermionic valve, the 
transistor may be used effectively in many circuits which 
were originally developed in terms of the valve. The 
authors’ paper is concerned with the application of 
junction transistors in linear-sweep generating circuits of 
the ‘bootstrap’ type, and it is shown that such circuits 
are very versatile. It is possible to generate voltage or 
current sweeps which deviate from perfect linearity by 
kss than 1% (deviations as low as 0-1°% have been pre- 
dicted and measured in certain circuits), and sweep 
durations of a small fraction of a microsecond are 
obtainable with present high-frequency transistors. 
Gated, monostable or astable forms of circuit are 
ttadily arranged. 

‘The basic circuit is shown in Fig. 1, employing two 
pip transistors. Transistor T, acts as an emitter follower; 
T, performs a switching function. The circuit action may 
be described as follows. Initially the base current of T, 
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is such that T2 is bottomed, so that the collector of T>, 
and hence the base and emitter of T, are at earth potential. 
Circuit action commences when the gating waveform 
shown switches T2 into a cut-off state; then the current i 
flows as charging current for the integrating capacitor C, 
and the base potential of T, begins to fall linearly. Now 
an important property of the emitter follower is that the 
voltage gain from base to emitter is close to unity (i.e. 
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1 Externally gated transistor bootstrap circuit 





>0-99). Thus the base and emitter potentials of T, fall 
together, and owing to feedback via C, the current i is 
maintained at an almost constant value. The base and 
emitter potentials of T; and the emitter current thus fall 
with only very small deviation from a perfect linear 
sweep. The deviation actually present is due to a slight 
decrease in the current i as the sweep progresses, and also 
as a result of the flow of a small proportion of i as base 
current of T,;—i.e. the input resistance of the emitter 
follower is large but not infinite. The sweep is terminated 
when the transistor T,; bottoms with its emitter at 
collector supply potential, as illustrated in Fig. 1. 
Removal of the gating waveform causes collector current 
of T2 to flow once more, rapidly discharging the capacitor 
C and returning the circuit to its initial state. 

Many developments of the above circuit are possible, 
and a particularly precise monostable version is shown 
in Fig. 2. The circuit has the same initial state as the 
previous one, with transistor T3 biased into a cut-off 
state owing to the negative potential V,. When a positive 
trigger pulse is applied to the base of T>, the sweep 
action is initiated. Owing to the presence of the load 
resistance, the collector potential of T; rises suddenly at 
the beginning of the sweep and increases linearly as the 
sweep progresses. This potential waveform, fed back via 
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C, to the base of T2, holds T2 in a cut-off state whilst the 

sweep is taking place. Thus the emitter potential of T; 

falls linearly until the reference potential V, is reached; 

at this point the blocking oscillator T; ‘fires’, bringing T> 

out of its previous cut-off state so that the capacitor C is 
(+) 
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2 Precision monostable circuit employing a blocking-oscillator 
comparator 


rapidly discharged and the circuit returned to its initial 
state. It is evident that the timing action of this circuit is 
very precise. Deviations of the emitter sweep waveform 
of T, from perfect linearity may be made much less than 
1°, while the comparator transistor T; may ‘fire’ at a 
potential defined to within a very small fraction of a volt. 

An example of a rather different form of the basic 
sweep circuit is shown in Fig. 3. Here a linear current 
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3 Current-sweep generating circuit producing approximately 
0-150 mA linear rise in current through an output coil 
T, and T;,OC72. T,, OC71. 


sweep from 0 to 150mA flowing through an inductance 
(e.g. a phototube scanning coil) is generated. Oscillo- 
grams obtained from the circuit are given in Fig. 4. The 
repetition frequency of the sweep is 10 kc/s and deviation 
from linearity less than 1%. The action of the circuit 
differs from the previous descriptions only in that T> is 
initially held in a cut-off state, the base being biased 
positive by V,;. The sweep is terminated and the flyback 
controlled by the negative-going pulse applied to the 
base cf T>. 
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The paper concludes with an examination of the effegty 
of the high-frequency limitations of the emitter-follower 
transistor on the generated sweep waveform. The main 
effect is an initial transient which gives the impression 
that the sweep is slow to start. This transient depends on 


4 Waveform of output 
current ig of the circuit 
shown in Fig. 3 





the cut-off frequency /, of the transistor (the time-constant 
being 1/27f,) and is quickly completed (for example, if 
tx = 500 ke/s, the transient occupies less than the first 
microsecond of sweep). It is concluded that accurate 
and fast linear sweeps may readily be generated by 
junction transistors, and that the present rather small 
sweep-voltage amplitudes obtainable are likely to be 
only a temporary limitation. 621.3135 


Tungsten Filaments 


A short review of a Radio and Telecommunication Section 
paper (No. 2309) entitled, ‘High-Temperature Properties of 
Tungsten which influence Filament Temperatures, Lives and 
Thermionic-Emission Densities’, by R. N. Bloomer. The 
paper is published this month in Part B of the Proceedings. 


TUNGSTEN FILAMENTS, WHICH ARE OPERATED AT VERY 
high temperatures in order to obtain great thermionic 
emission density, fail from two causes—thermal evapora- 
tion of tungsten, and, in poor vacua, erosion due to the 
attack of residual gases. The common damaging gases 
are oxygen and water vapour. The dominant cause of 
failure can be discovered from the appearance of burnt- 
out filaments, as the photograph shows. Gas-attack rates 
change little with temperature, and so all heated parts of 
the wire are eroded equally. In these circumstances the 
wire is usually eroded to a third or less of its original 
diameter before burning out. In contrast, the evaporation 
rate increases rapidly with temperature. Hence any part 
of the wire which is initially at a higher temperature than 
the rest will thin down at a progressively increasing rate 
compared with the remainder. Such local hot-spots 
develop before the diameter in the vicinity has been 
reduced by more than a mere tenth of the initial value. 

This paper reports calculations and measurements of 
filament lives which are made short by rapid direct 
evaporation at very high operating temperatures. Three 
things must be known for such calculations—the tempera- 
ture of the hottest part of a filament, the corresponding 
evaporation rate, and the fraction of wire which evapo- 
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a b 
The appearance of burnt-out filaments 


a Burnt out by gas attack. b Burnt out through evaporation. 


rates away before local hot-spots develop, causing an 
almost instantaneous burning out of filaments. 

The temperature must be known accurately. A 1% 
increase in temperature causes a 40 % increase in evapora- 
tion rate, and a corresponding reduction in life. It has 
been confirmed that the temperature can be deduced 
accurately from measurements of the heating current, in 
filaments of known diameter. For short filaments, which 
also lose heat to the ends by conduction, the temperature 
of the hottest part can be deduced by using well- 
established corrections. 

The evaporation rate of tungsten at the temperature of 
the hottest part of the filament must be known. The 
author reviews the divergent published values and gives 
a reasoned preference. 

Finally, the author deduces mathematically that the 
fractional thinning at burn-out can be found from 
measurements of the ratio of the lives of filaments 
supplied at constant voltage to the lives of filaments 
(initially at the same temperature) supplied at constant 
current. Measurements of this ratio have been made. 
They indicate that filaments burn out after they have 
thinned down by 6%. This contrasts with the figure of 
10% which is normally used for life calculations. Further- 
more, the measured lives of filaments run at constant 
voltage or constant current in a range of temperature 
from 2700°K upwards were found to be as predicted 
by calculation. 621.385.032.3 


Junction-Transistor Oscillators 


A short review of a Radio and Telecommunication Section 
paper (No. 2299) entitled ‘ Design Consideration of Junction- 
Transistor Oscillators for the Conversion of Power from 
Direct to Alternating Current’, by F. Oakes, Associate 
Member. The paper was published individually in January 
1957, and it will be republished in Part B of the Proceedings. 


THE ABILITY OF JUNCTION TRANSISTORS TO OPERATE WITH 
low supply voltages, combined with the considerable 
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; ition. c Unused. 
The electrodes are about 4 inch apart, and the unused wire is 0-005 inch in diameter. 


power gain available, permits the design 
of efficient oscillators for the conversion 
of direct into alternating current. A 
wide range of power levels is available 
for useful operation, ranging from below 
one microwatt up to tens of watts, with 
output voltages up to several thousand 
volts. 

If a sinusoidal output is required, a 
resonant oscillator is generally most 
suitable, and a typical circuit is shown 
in Fig. 1. The principles of operation for 
c such an oscillator are considered by the 
author on the basis of idealized condi- 
tions which permit a simplified analysis 
of operating conditions. 

Depending on the d.c. bias provided, 
such an oscillator can operate in Classes 
A, B or C, and, in order to assess the influence of the 
duration of current flow through the transistor in the 
course of one cycle of oscillation, a maintenance 
equation is derived in the form 


a’ ByM = 1 


where «’ is the current gain of the transistor, its effective 
value being dependent upon the amplitude of oscillation, 
B, is the Fourier coefficient of the fundamental compo- 
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nent of the clipped current flowing during part of the 
cycle (except for Class A operation, where no clipping 
occurs and B,; = 1), and M is a maintenance factor 
which depends on the transformer and circuit arrange- 
ments, and can usually be assumed constant and inde- 
pendent of the operating point. 

A graphical method is described to correlate these three 
parameters in such a manner that the maintenance 
equation is fulfilled, i.e. such that oscillator operation is 
maintained at a constant level. For this purpose, the 
universal angle-of-flow chart shown in Fig. 2 is used. 
With the aid of this chart, the following circuit para- 
meters can be correlated: the angle of current flow 2A, 
the current gain cf transistor «’, the maintenance factor 
M, the peak current J, the bias current Jgg and the 
amplitude of the fundamental component of the clipped 
current Jp. The chart is equally useful for depicting these 
relationships in the base circuit or collector circuit, when 
I, fp, Ing and Ipe are replaced by Ic, Ic, Inge and Ice 
respectively. 

In the paper the author derives the power relationships 
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2 Angle-of-fiow chart 
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for such an oscillator and gives formulae for total power 
consumption, power dissipated in the transistor, and 
power output. 

For the purpose of simplified analysis the author 
assumes sinusoidal operation of the oscillator. In actual 
fact, deviations from this ideal condition must always 
occur, and they are usually quite considerable. Operation 
based solely on the limiting action due to the gradual 
reduction of the effective amplification factor as the 
amplitude rises is generally unreliable, and in practice 
slightly more regeneration is provided than would be 






t 


3 Oscillator unit 





required to satisfy the maintenance equation. In other 
words, the transistor is driven slightly into saturation for 
a small fraction of the operating cycle. The loop gain falls 
as soon as the transistor enters the saturation region, and 
in this way the amplitude is limited at the desired level 
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with better accuracy and without the risk of collapse of 
oscillations due to insufficient loop gain. This technique 
obviously introduces further deviations from sinusoidal 
operation. A convenient basis for the analysis of these 
derivations is provided by representation of the oscillator 
by a parallel RLC circuit driven by a negative-conduc 
tance device. A graphical method based on Lienard’s 
construction is used to assess the effects of non-linearities 
and to predict the deviations from sinusoidal operation 
that can be expected from a particular design. 

Based on these considerations, design formulae fora 
Class B oscillator are derived, and the practical design of 
an oscillator for the conversion of 10 volts d.c. into 
250 volts a.c. at 200c/s is described. Such an oscillator 
was constructed as an a.c. supply source for the demon- 
stration of electro-luminescent panels. 

The unit, which is shown in Fig. 3, is capable of 
delivering 2 watts at an overall efficiency of 41-5°%. This 
is by no means an optimum value since the transformer 
is less than 70% efficient, and the transistor used required 
more driving power than some others of more recent 
design. The collector efficiency of the oscillator i 
reasonably close to the theoretical Class B limit of 78% 

621.314.5 : 621.3738 


Minority-Carrier Storage 


A short review of a Radio and Telecommunication Section 
paper (No. 2293) entitled ‘Minority-Carrier Storage i 
Semi-Conductor Diodes’, by J. C. Henderson, B.Sc., anh 
J. R. Tillman, D.Sc., Ph.D., Associate Member. The 
paper was published individually in January 1957, and it 
will be republished in Part B of the Proceedings. 


STORAGE OF MINORITY CARRIERS LIMITS THE USE OF SEM 
conductor diodes at high frequencies and in fast switches. 
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When a diode is rapidly switched from forward con- 
duction by a reverse voltage, a large transient reverse 
current may flow. The diagram shows the relevant 
voltage and current waveforms. 

In their paper the authors analyse the behaviour of 
some idealized diodes; it is assumed that the current in 
the base region (of n-type material) is carried entirely by 
holes, diffusion predominates, the holes have a charac- 
teristic lifetime 7,, and the excess hole density p is smaller 
than that of the majority carriers. The analyses apply 
equally well to electron storage in p-type material. 

The continuity equation governing the motion of holes 
in n-type material is, formally 


where D, is the diffusion constant for holes. 

Solutions of the equation are found for boundary 
conditions governed by the following geometries of the 
diode and conditions of switching. 


Planar diode 


(i) with instantaneous reversal of junction voltage and 
no limiting of the reverse current by the external circuit 
(ii) with limiting of reverse current to some value i, 


(ii) with a delay between the cessation of forward 
current i, and the application of a reverse bias, with no 
limiting of current. 

Narrow-base diode 
(i) as for planar diode. 


Hemispherical diode 
(i), (ii) and (iii) as for planar diode. 


The solutions give the spatial-time distributions of 
holes. during switching and enable junction voltages and 
feverse transient currents to be calculated. The current 
density J is derived from grad p; thus for the planar 


diode 
op 
J= —qD, (2) 


. Where q is the electronic charge. The voltage across the 


diode is given by 





kT P-0) 
V =— lo 
q s.( Pn 


where k is Boltzmann’s constant, 7’ is the absolute 
temperature and p,, is the equilibrium density of holes in 
then region. The magnitude and duration of the excess 
(verse current are found to depend on the geometry, 
and, unless the base width is very small, on 7,. When there 
§no limiting of the reverse current—a condition which 
tan be approached but never fully realized in practice— 
the hole density at the barrier po set up by the forward 
current (density J;) immediately falls to zero on reversal 
of the voltage, causing, initially, a very large transient 
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reverse current to flow. Subsequently, for the planar 
diode whose base is not narrow, 


ee 
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where ft is measured from the instant of reversal of 
voltage. At large times 


J e— lp 
Sy > ~ 2n'2(tf7,)3? 


The quantity (J/J,)r?, if plotted against time, passes 
through a maximum at t = 0-557,. 

The reverse current passed by diodes with hemi- 
spherical junctions of radius a shows the same time 
dependence but is smaller by a factor A/(A + 1), where 
A =alL, and L, [=+/(D,7,)] is the diffusion length for 
holes. 

If the width of the base layer of a planar diode is 
< »/(D,7,), the decay of J can be very rapid indeed, 
largely irrespective of 75. 

In practice some series resistance Rp is present—part 
at least within the diode itself—limiting the reverse 
current to i, ~ Vg/Ro where Vz is the reverse voltage 
applied. The density p, at x = 0 or r = a, no longer falls 
immediately to zero; until it does so—at a time’ ft, given 
by erf (t;/7,)*=i,/(j+-'i,) for the planar diode and by an 
expression involving A also for the hemispherical diode— 
the voltage across the junction remains very small. 
Thereafter the current decays about as rapidly as if 
limiting had been absent. 

If there is a delay between the cessation of forward 
current and the application of reverse voltage, the 
junction acts as a reflecting surface during the interval, 
and p falls away only slowly. Expressions for the floating 
potential V are deduced; for the planar diode 


~ t wer 
V= - logs (erfe/ + )ue* —1)+1 


where V; is the voltage across the junction during 
forward conduction. 

Since the decay of transient reverse current and (where 
appropriate) of the floating potential involves 7,, 
measurements should enable 7, in the base region of a 
diode to be deduced. Measurements were made on alloy- 
junction diodes, and fair agreement was observed 
between results obtained from observations of the 
initial decay of current, the decay at large times, the 
duration of current limiting (if present) and the decay of 
floating potential. A method, using modulation of the 
forward current and sampling of the reverse current by- 
a gating pulse of short duration, enables the decay of 
current to be observed even when J has fallen to 10~3 J; 
or less; J is deduced from the component at the modula- 
tion frequency in the gated pulse train. The method is 
flexible and accurate. 

The extent to which the analyses of the hemispherical 
model apply to point-contact diodes is not clear in view 
of some earlier work and theories, but they might be 
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expected to be applicable to that fraction of the forward 
current which is carried by the injection of minority 
carriers into the base region. 

Because the lifetime of minority carriers and their 
diffusion constant are dependent on their density, the 
expressions developed should be true only for very low 
current densities. Some calculations show the likely 
extent of departure for practical conditions. For planar 
diodes with large base widths and practical values of J,, 
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Transient reverse current of a switched diode 
a Voltage applied to diode. b Current passed by diode. 





the quantity of electricity needed to charge the capaci- 
tance (per unit area) of the depletion layer on the 


«o 


reversal of voltage is small compared with [ va. 


if > 1 microsec. The quantity of electricity needed is even 
smaller for hemispherical diodes. But if semi-conductor 
diodes are to be designed so that the total charge trans- 
ference on switching is <10~'! coulomb after the passage 
of 5mA, the planar type of diode, even of small area, 
will be severely limited by the charging of its capacitance. 
The low total charge transference should be possible, 
however, with a hemispherical structure. If larger forward 
currents are involved—with proportional increases in the 
charge transferred—a small-area . narrow-based diode 
offers the best prospects. 621.314.63 : 537.311.33 


Synchronous-Machine Analogues 


A short review of a Supply Section paper (No. 2015) 
entitled ‘Electronic-Analogue-Computer Study of Synchro- 
nous-Machine Transient Stability’, by A. S. Aldred, M.Sc., 
Associate Member, and P. A. Doyle, B.E., Ph.D. The 
paper was published individually in June, 1956, and it will 
be republished in Part A of the Proceedings. 


THE SOLUTION OF SYNCHRONOUS-MACHINE TRANSIENT- 
stability problems by the step-by-step procedure is 
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tedious and time-consuming. Results are often rendered 
inaccurate by virtue of the assumptions which are made 
to limit the complexity of the problem to reasonable 
proportions. In the paper a method is described for the 
rapid solution of these problems by a more exact ang. 
logue representation of the system equations than has 
hitherto been employed. In the machine analysis 
emphasis is placed on the time variation of field-flyy 
linkage during transient disturbance, in order to deter. 
mine how the limits of stability and the damping 
characteristics of the machine are affected by rejecting 
the assumption of constant field-flux linkage. 

The equations of performance of a simple power. 
system configuration, consisting of a synchronous 
generator connected by a transmission line to an infinite 
system, are derived from Park’s equations in direct- and 
quadrature-axis notation. They are arranged so that 
important factors such as the direct-axis transient 
reactance, saliency and field tim2-constant appear as 
isolated quantities which may be easily and conveniently 
varied to simulate a wide range of machines. The 
equations are derived in the most convenient form for 
analogue computation and are: 


Field Ya = a () 
Ta = Va — ia Xa -— XD. D 

Direct axis w=—-Xi, . 1. > . 2 
Quadrature axis v, = Ig t+ Xaia -~ + ee 
Derived quantity Vg =Iy+ idXa—X,) - - &@ 
Power output P, = Voi, oa 
Equation of motion P; = . + Ty - +P, . = 
where v,=vsin d . . ~ 
and v, = vcos 6 . . — ae 


q 


In the above equations V;, is the excitation voltage, fy 
is a voltage proportional to the field current, Ty, is the 
field time-constant, and fy, is a voltage proportional to 
the field-flux linkage. Direct-axis terminal voltage, 
current and synchronous reactance are vy, i, and X% 
respectively. The corresponding quadrature-axis quanti- 
ties are v,, i, and X,. Xj is the direct-axis transient 
reactance. The power input from the prime mover & 
P;, M is the inertia constant of the machine, 7, is the 
damping coefficient, P, is the power output and 34 is the 
rotor angle. The terminal voltage of the infinite system 
is denoted by v. Equations 1 to 9 are simulated by the 
interconnection of elements shown in Fig. 1. 

The problems which are solved are divided into two 
sections: 

(a) Solutions of simplified transient-stability problems 
for comparison of the results with those obtained by 
previous investigators. 
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(b) Solutions of transient-stability problems with 
varying field-flux linkage and constant field-flux linkage 
to show the effect of the former, in response to (i) a step 
function of mechanical power input, (ii) a disturbance 


= Tao V5 Y 
do Tfd > fd NS O-l4, 
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1 Equivalent analogue connections for eqns. 1-9 


caused by a transmission-line fault without clearing by 
circuit-breakers, and (iii) a similar disturbance with 
clearing by circuit-breakers. 

The oscillogram, Fig. 2(a), shows the variation of the 
rotor angle 5 with time, during a transient in which the 
field-flux linkage remains constant, and Fig. 2(b) shows 
the variation of 5 when the field flux is variable. 





c d 


2 Oscillograms of rotor oscillations 


a Constant flux linkage. _b Damping effect of field winding. 
¢ Instability subsequent to first swing. d Instability subsequent 
to second swing. 
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Another effect of finite field time-constant, in addition 
to lowering the stability limit, is to introduce damping. 

In the derivation of boundaries between stable and 
unstable states it was observed that instability did not 
always occur on the first swing but subsequently, as 
shown in the oscillograms of Figs. 2(c) and 2(d). This 
result is of considerable interest and an explanation is 
proposed to account for this phenomenon. 

For the solution of problems involving the switching 
out of a faulted transmission line, a delay circuit is used, 
as shown in Fig. 3. This delay circuit consists of a 
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3. Delay-pulse generator 


cathode-coupled multivibrator giving a voltage step of 
variable delay depending on the setting of R2 (a ten-turn 
helical potentiometer) and C. This voltage step triggers 
the following bi-stable multivibrator, which operates the 
relay L in the cathode of V3 by changing the value of the 
grid voltage of V3 from negative to positive. This delay 
circuit is triggered simultaneously with the initiation of a 
computation, and after a preset time-lag, the operation 
of relay L applies a voltage Vy to the integrators, which 
puts the computer in a ‘hold’ condition. It also operates 
a set of relays located in the various scaling units which 
make the necessary changes in the system parameters. 
Completion of the switching action generates a signal 
which re-initiates the computation. 

The power which can be transmitted by. two trans- 
mission lines in parallel, when a three-phase earth fault 
occurs on one of them, is determined as a function of 


the distance of the fault from the machine terminals. 
621.313.322 


Arc Furnaces 


A short review of a Graduate and Student Section paper 
with the above title by C. F. R. Bradshaw, B.Eng., 
Graduate. The paper was awarded a Students’ Premium by 
the Council. 


THE CONCENTRATED SOURCE OF HEAT OF AN ELECTRIC ARC 
has been used industrially for melting and smelting for 
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the last fifty years, i.e. since the development of the 
dynamo facilitated the production of electrical energy in 
quantity. However, the use of this phenomenon as a 
source of heating and lighting dates from its discovery 
by Sir Humphry Davy in 1800. 


Furnace Features 


The basic features have remained unchanged from the 
original industrial designs and consist of a refractory- 
lined receptacle (the shell) to hold the material to be 
heated (the charge) and low-resistance electrodes to emit 
the arc. Amorphous-carbon electrodes have been super- 
seded by graphite, which can accept the higher current 
densities required in modern furnaces, but submerged- 
arc furnaces (see below) are an exception to this tendency. 
The electrical circuit includes a transformer which supplies 
suitable electrode voltages and a reactance which acts 
as an impedance with a low /*R loss. This circuit main- 
tains a stable voltage/current curve. The reactance also 
acts as a convenient limit to the currents during short- 
circuits, which arise at arc striking and occasionally 
during furnace operation. 


Classification 


There are two types of arc furnace. 

Indirect arc furnaces transfer the heat from arc to 
charge by radiation alone and are normally the smaller 
size of furnace (up to 1000Ib charge capacity). Since 
the furnace presents a single-phase load to the supply, 
modern equipments often include a static balancer, 
which equalizes the load and improves the power factor. 
These furnaces are normally used for ferrous and non- 
ferrous foundry work. 

Direct arc furnaces can be subdivided into submerged- 
arc and non-submerged-arc types. Submerged-arc furnaces 
are little used in this country, but where cheap power is 
available, they are economically used as smelters, ore 
reducers and ferro-alloy producers. The submerged arcs 
act as heat and chemical-reaction centres, and self- 
baking electrodes are often employed, i.e. amorphous 
carbon is produced as the furnace operates. Amorphous 
carbon is more economical than graphite, because 
separate areas of reaction are required and the electrodes 
can therefore be farther apart, allowing larger electrodes 
and lower current densities to be used. The non- 
submerged-arc type is the conventional 3-phase melting 
furnace having capacities of 10001b and above. 


Electrical Characteristics 


The electrical load of an arc furnace can be considered 
as consisting of a resistance and a reactance: 


Total resistance = (equipment losses resistance) 
+ (resistance of charge) 
+ (resistance of arc). 
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Total reactance = (reactance of reactor) 
+ (reactance of power transformer) 
+ (inherent reactance of cables, busban, 
etc.). 


The resistance of the charge is zero in the indirect type 
small in the non-submerged-arc type, and large (and 
dependent on material and size of the charge) in fhe 
submerged-arc type. The inherent reactance increase, 
and the reactance of the reactor decreases, as the furnage 
size increases. Both the total resistance and the tot] 
reactance are independently variable. The resistance ig 
controlled by means of (a) electrode control (i.e. are 
length), which is a means of power-input control in the 
direct type and heat-distribution control in the indireg 
type, (b) electrode-voltage variation, which allows further 
reduction of arc-resistance without exceeding the cur 
rent rating of the supply equipment (a very important 
consideration in submerged-arc furnaces, since it affects 
the extent of chemical-reaction areas) and (c) variation 
of the distance between electrodes in submerged-ar 
furnaces. Variation of charge resistance arises from 
changes in charge temperature, size and configuration, 
and from ionization. 

The total reactance includes a fixed inherent reactance 
component which for a given furnace varies only with the 
ratio electrode-voltage/supply-voltage. A large inherent 
reactance component on large furnaces is detrimental, 
particularly in smelters, where arc impedance and 
voltage must be maintained at low values, as dictated by 
the chemical reaction. The mechanical structure of 
submerged-arc furnaces allows the transformer secondary 
delta connections to be made at the electrodes, thus 
reducing the inherent reactance. 

External variation of the transformer reactance occurs 
with change in transformer tapping, owing to change in 
the amount of winding in circuit. Controlled reactance 
variation is carried out by tapped artificial reactance, and 
is used on smaller furnaces to maintain the total reactance 
referred to the secondary side roughly constant as the 
electrode voltage is varied. 


Characteristics of Electrical Components 


The power transformers are specially built to with- 
stand high magnetic forces and voltage surges. Modern 
3-phase equipments work with a floating delta secondary 
winding and use a delta-star variable connection on the 
primary winding to increase the number of available 
tappings. Tapping changes are normally carried out 
off-load on non-submerged furnaces, but there is aa 
increasing tendency to use on-load changing, as is 
normally the case for submerged-arc furnaces on com 
tinuous production. The usual two-switch and reactor 
system is used. Artificial reactor changes are always 
off-load. Circuit-breakers are specially designed to with- 
stand voltage surges, and opening action is always on 
inductive load, because the electrode control is normally 
used for quenching the furnace arcs before opening the 
circuit-breakers. Air-blast circuit-breakers are therefore 
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becoming more popular. Two-stage overload protection 
js used with furnace protection at low current level, and 
long-delay and ‘back-up’ protection at high fault rate. 


Electrode Control 
Electrode positioning devices can be classified as: 


(a) motor drive—balanced. 


() motor drive having stationary conditions with motor 
at stall—unbalanced. 


(¢) hydraulic—unbalanced. 
Electrode control can be classified as: 


(a) arc-voltage control—earliest system but not very 
satisfactory. 

() arc-current control—good but does not control the 
arc voltage between electrode and charge, which varies 
with arc impedance at constant current. 


(0) arc-impedance control—overcomes 
of b. 


In arc-current control the error compared with a 
datum value is used in a feedback system to supply 
correction energy to the electrode-positioning device. In 
arc-impedance control the deviation from a constant- 
impedance value is used in a similar feedback system. 
Rotary, magnetic and hydraulic amplifiers are used. 
Electrode control is a superimposition on the stable-arc 
curve obtained with a reactor in series, and it must 
always control at current values above the natural 
stability value at the minimum of curve c in Fig. 1. 


disadvantage 


c 


b 


Voltage 








Current 


1 Voltage|current characteristics for given arc, length 
a Arc. b Reactor. ec Arc and reactor in series. 





Are-Furnace Power-Input Characteristics 

The power-input characteristics are shown in Fig. 2. 
For a given electrode voltage, as the arc impedance is 
reduced, the power input increases to a maximum and 
then falls off owing to the reactance of the circuit. The 
peak input-power value is at a lower current value than 
that indicated by the kilowatt-meter peak value, since 
the latter power figure includes the equipment losses. 
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The actual input-power curve cannot be obtained from 
design data and must be calculated from open-circuit 
and short-circuit tests on a particular furnace. This 
curve is becoming increasingly important as larger 
furnaces are installed, because at the higher electrode 
voltages the maximum load current is below the furnace 
input-power peak, and normal power factors and 
efficiency values are reasonably good. However, at the 
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2 Power-input characteristics 





lower electrode voltages, where lower arc-impedances 
can be reached, the peak is usually below the maximum 
permissible secondary-current level. Therefore it will be 
important in the future that curves should be obtained, 
particularly on large furnaces, to establish the correct 
maximum working levels on each tap. This, in con- 
junction with power-factor correction, should establish 
the efficient operation levels that will be required. 
621.365.2 


A Dielectric-Loaded Accelerator 


A short review of a Measurement and Control Section 
paper (No. 2127) entitled ‘A Theoretical and Experimen- 
tal Investigation of Anisotropic-Dielectric-Loaded Linear 
Electron Accelerators’, by R. B. R.-Shersby-Harvie, B.A., 
Associate Member, L. B. Mullett, B.Sc., Associate 
Member, W. Walkinshaw, M.A., J. S. Bell, B.Sc., and 
B. G. Loach, B.Sc. The paper was published individually 
in July 1956, and it will be republished in Part B of the 
Proceedings. 


LINEAR ACCELERATORS ARE BEING INCREASINGLY USED AS 
sources of high-energy electrons. Some advantages of 
the linear accelerator are that high-voltage insulation is 
not required, relatively large electron currents are 
obtainable, the energy radiated by the electrons is small 
even at the highest energies, and its design has become 
well understood. For energies greater than about 
10-20 MeV a large part of the cost of a linear accelerator 
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is that of producing the centimetre-wavelength driving 
power, most of which is often uselessly expended as heat 
in the waveguide. The paper under review describes a 
design of waveguide which enables the r.f. driving power 
to be reduced by a factor of about two, and which opens 
up possibilities of much greater reductions. 

Almost all linear accelerators use a corrugated copper 
waveguide to support a slow Ep-mode wave which 
provides the electric accelerating field. In the alternative 
form of waveguide described, the metal corrugations are 
replaced by ceramic dielectric discs spaced apart axially 
inside a close-fitting metal tube. A typical piece of this 
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1 General view of the waveguide 





dielectric-loaded guide is shown on the left in Fig. 1, 
and for comparison a piece of corrugated guide is shown 
on the right. 

The action of the dielectric is treated in two ways. 
First, when the dielectric discs are sufficiently thin and 
closely spaced, the laminated dielectric medium is 
regardea as homogeneous but of anisotropic permittivity. 
It is then easily shown that the power lost in the dielectric 
guide can be made less than in an all-metal guide, when 
each is providing the same accelerating field. It is also 
shown that the power loss can be less than when ordinary 
isotropic dielectric loading of optimum design is used. 
Secondly, and rigorously, the guide is regarded as com- 
prising alternate sections of empty guide below Ep-mode 
cut-off, and dielectric-filled sections above cut-off. This 
rather complicated approach is required for some more 
accurate calculations, but computational difficulties arise, 
and various mathematical approximations are discussed. 
It is shown by the second method that the loaded guide 
has pass bands and cut-off bands typical of most periodic 
structures. It should be remarked that, while the complete 
guide is propagating, the sections between the discs may 
be in the waveguide cut-off band. A number of charac- 
teristics are computed to determine the optimum design 
of a dielectric-loaded waveguide. 

Experimental work upon dielectric guides was carried 
out to verify the theory, and to design a practical wave- 
guide for a small accelerator. Titanium dioxide, with a 
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dielectric constant of about 95, was used for the discs, 

which were accurately ground after firing. Waveguides 

were constructed by clamping the discs in a split brass 

tube, as shown in Figs. | and 2. The approximate dise 
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2 Schematic of dielectric-loaded waveguide 


dimensions were: outside diameter 2-373 inches, hole 
diameter 0-768 inch, thickness 0-150 inch. The rf, 
wavelength was approximately 10cm. The phase velocity 
of the wave could be adjusted between 0-4c and c by 
altering the spacing between the discs, c being the velocity 
of light. The lower velocities were required over only a 
small length of the accelerator, so that low-energy electron 
injection could be used. A satisfactory design of wave- 
guide for an accelerator was finally reached, which was 
based partly upon theoretical calculations and partly 
upon experimental data. 

A small travelling-wave accelerator without feedback 
was constructed, of conventiona! design apart from the 
dielectric-loaded waveguide. The approximate principal 
design data were: length 80cm, injection energy 45keV, 
r.f. input power 1 MW, pulse length 2 us, wavelength 
10cm. Electron energies close to 1-5MeV and beam 
currents in the pulse up to 14mA were obtained, and 
performance was in general according to expectatt 
There was no indication of the dielectric beco 
charged or shattered by electron bombardment as 
been feared possible. It was, however, found that @ 
attenuation of the waveguide was about 10dB greater 
than it should have been. Such a loss would be disastrous 
in any efficiently designed accelerator of optimum length, 
but it had little effect upon this short experimental 
accelerator. Extensive tests showed that the excess 
attenuation was probably due to a resonant secondary- 
emission phenomenon known as the multipactor effect, 
and was probably caused by the oily carbonaceous 
deposits associated with the use of an oil diffusion pump. 
The accelerator was cleaned and the oil pump replaced 
by a mercury pump and cold trap, after which the 
attenuation was found to have its correct value of about 
2 dB, and no further troubles were detected. 

It is concluded that dielectric-loaded linear accelerators 
could now be developed on a larger scale with a reason 
able expectation of success, provided a mercury diffusion 
pump is used or some other means are found for 
eliminating the multipactor effect. The r.f. power required 
should be about half that in an equivalent all-metal 
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corrugated guide, and construction of the guide is 
relatively simple and economical. More complex forms 
of dielectric loading can be considered as a long-term 
possibility. These would theoretically require about a 
tenth of the power of conventional all-metal accelerators. 

621.384.622.2 : 621.372.82 


Electricity in Modern Commercial 
Horticulture 


A short review of a Utilization Section paper (No. 2272) 
with the above title by C. A. Cameron Brown, B.Sc., 
Member, and A. W. Gray, Associate. The paper was 
published individually in January 1957 and it will be 
republished in Part A of the Proceedings. 


WHILE ALL TOO FEW CHARTERED ELECTRICAL ENGINEERS 
have actually allied the basis of their profession with 
their hobby, most are very well aware of the contribution 
which electricity can make to the saving of time and 
labour in gardening and to the furtherance of horti- 
cultural technique. Comparatively few, however, have 
appreciated the very considerable advance made in the 





1 Irradiation of tomato seedlings 


By the use of electric lighting 41 000 plants are produced from this glass-house in a 


scason 


application of electricity to commercial horticulture, 
mainly since the Second World War. With no exact 
classification available, it is possible to assess the number 
of holdings in England and Wales which might be 
regarded as having possible uses for electro-horticultural 
applications as being anything up to 80000. This presents 
afar from negligible outlet for electrical equipment and 
electricity. 

The straightforward—shall we say basic?—use of 
lectricity for soil-warming, i.e. in salad beds, has not the 
same place in commercial horticulture which it holds in 
amateur gardening, largely because there is not in this 
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country a rewarding market for early salads. Nor has the 
use of electricity for the large-scale warming of glass-house 
soil fulfilled some earlier, and apparently reasonable, 
hopes of thereby enabling the main glass-house tempera- 
ture to be reduced with substantial reduction of overall 
running cost; it is sometimes, however, of ‘hospital’ value 
where the natural conditions are adverse. 

A more important and advancing use of soil-warming 
equipment is in the provision of warmed propagation 
benches inside glass-houses, so enabling plant propaga- 
tion, from either seed or cutting, to be carried out without 
the expensive necessity of having to maintain the whole 
house at the comparatively high temperature of some 
60° to 65°F required in the propagating compost. This 
principle can be carried further by providing propagating 
cases, in which not only the bottom but also the limited 
air space is warmed by soil-warming cables fixed round 
the walls, thus delaying the need for heating the main 
house. The same principle can be applied to provide 


' propagating frames outside and at a fraction of the cost 


of erecting and running a propagating house. 

Direct space heating by electricity is largely imprac- 
ticable in commercial horticulture; it would be sub- 
stantially more expensive than other methods open to 
modern growers, and the considerable peak-load 
problems involved on cold days would not make it 
generally acceptable to the supply authority. 
The labour-saving advantages offered by 
electricity in direct heating are almost equally 
afforded by electricity in the auxiliary but 
essential capacity of operating the other 
automatic methods of heating available to 
all classes of grower. These range from the 
simple automatic blower of a _ hand-fired 
coal-burning boiler to the complicated 
battery of electrical controls and operations 
involved in a heavy-oil heating installation, 
where electricity may perform as many as 
fourteen functions. 

Nevertheless the smaller grower, particu- 
larly where a specialized high-class produc- 
tion is maintained, may well be justified in 





By courtesy of Guernsey Electricity Department using all-electric heating of his glass-house. 


Where this is done it is important to recognize 
the fundamental requirements of basic design, 
particularly the need to design for an outside 
temperature no higher than 20° F. 

Electric light is playing an increasingly important and 
unrivalled place in commercial horticulture. Electricity is 
used in process lighting, particularly in application to 
tomatoes, our most important glass-house crop. The 
irradiation by high-pressure mercury-vapour lamps of 
tomato seedlings, as shown in Fig. 1, hastens the develop- 
ment of the plants, so saving in heating costs, as well as 
producing a plant which gives a heavier yield of the 
earlier and more rewarding fruit and a larger total crop. 
Control of chrysanthemum flowering by the application 
of lighting is now a commercial proposition, and artificial 
light is enabling bulbs to be forced in bulk in thermally 
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insulated stores, with a consequent substantial reduction 
in heating costs. Fluorescent lighting of potato-chitting 
stores is also a considerable advance in the technique of 
producing seed-potatoes in optimum condition for 
planting. Probably less appreciated is the value of 
electricity for working lighting, and horticulture is, by 
and large, where industry was many years ago in 
accepting almost any lighting as good enough. 

Soil sterilization by electricity is achieved either by the 
electrode principle, using the soil as the current path, or 
by conduction, using heating plates immersed in the soil. 
The latter type of sterilizer is shown in Fig. 2. Both 





By courtesy of the South of Scotland Electricity Board 
2 Immersion soil sterilizer in commercial use 





methods are highly effective, and by turning out the soil 
in good working condition they lend themselves to the 


SYNOPSES OF PAPERS 


The Coupling Impedance of Tape 
Structures 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2295) with the above title by P. N. Butcher, 
Ph.D. The paper is published this month in Part B of the 
Proceedings. 


A PERIODIC ARRAY OF PARALLEL STRAIGHT TAPES IS 
considered. This can propagate a variety of TEM waves, 
each one corresponding to a different mode of excitation 
of the tapes. The case in which there is simply a fixed 
phase-change from one tape to the next is treated in 
detail. The exact field distribution is determined by using 
the theory of analytic functions of a complex variable. 
It is applied to the calculation of the coupling impedances 
and dispersion curves of tape helices, ladder lines, 
interdigital lines and meander lines. The calculations 
show that, with certain provisos, the product of the 
coupling impedance and the group velocity is the same 
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handling of comparatively large quantities of soil from 

appliances of comparatively small nominal capacity, 
Electrical power is being used increasingly in heating 

auxiliaries, pumps, soil shredders and mixers (Fig, 3} 








By courtesy of the South of Scotland Electricity Board 


3 Soil shredder in operation 





cold storage and other established applications and, in 
the exploratory stage, for automatic ventilation. Electrical 
wiring and accessories have to withstand some quite 
adverse conditions in horticulture, but materials and 
equipment have improved in recent years. 

In every way, therefore, in the past ten years the place 
of electricity in horticulture has strengthened to a degree 
ranging from considerable convenience at one end of the 
scale to indispensability at the other. 621.32 : 621.36 : 634/635 


- 


for all these structures when they have the same tape 
length, tape width and gap width. The use of tape 
structures in travelling-wave tubes for the millimetre 
wavebands is discussed briefly. 621.3722 


[A synopsis of Dr. Butcher’s theoretical study of propagation along tape ladder 
lines (Paper No. 2294) will be published next month.) 


Resonant-Cavity Filter 


A synopsis of a Radio and Telecommunication Section 
paper (No. 2311) entitled ‘A Resonant-Cavity Filter for 
the S-Band’, by A. A. L. Browne, B.Sc. The paper is 
published this month in Part B of the Proceedings. 


A RESONANT-CAVITY FILTER HAS BEEN DEVELOPED WHICH 
is tunable over the range 7-9-11-Ocm. It is terminated in 
an R.A.E. plug and socket and has a second-harmonit 
rejection of more than 30dB. The insertion loss is of 
the order of 0-2dB and the voltage standing-wave ratio 
is better than 0-8 when measured in 71-ohm coaxial line. 

621.372.543.2 : 621.372A13 
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LORD COZENS-HARDY 


Faward Herbert, Third Baron Cozens-Hardy of Letheringsett, 
Norfolk, who died on the 22nd October 1956, was born on the 
th June 1873. He succeeded to the peerage on the death of his 
brother in 1924. 

Educated at Rugby, he studied electrical engineering at the 
Central Technical College and served an apprenticeship with the 
Brush Electrical Co. In 1898 he went into partnership with Col. M. 
QGorman, and as a consulting engineer with a wide and growing 

ice in the early years of this century he came into contact, 
jna professional capacity, with the flat-glass industry carried on 
ty Pilkington Brothers at St. Helens. 

While the industry was already highly mechanized, with electricity 
ig use On a small scale, it had become evident that important 
advantages were to be gained by universal electrification. But the 
project was not to be confined to a straightforward substitution 
ofelectric motors for steam engines; it was foreseen that the change 
would be much more advantageous if technical problems, hitherto 
intractable, could be solved by exploiting the flexibility and ease 
of control offered by electricity. 

The undertaking was, therefore, in terms of scale and technical 
complexity, a large one and the need for co-ordination by one 
person was realized. This and other considerations led to the 
appointment, in 1908, of Mr. Cozens-Hardy, as he then was, as 
amanaging director of the firm, and, under his personal direction, 
the very extensive schemes envisaged were, for practical purposes, 
completed when war came in 1914. 

The work had been accompanied by the expansion of a technical 
staff able to relieve him of much of the specialized engineering 
work. He could now interest himself to an ever increasing extent 
in the activities of the industry generally, and in 1931 he became 
the executive head of the firm until his retirement in 1939. 

Throughout his life, an eager mind was attracted by anything 
new, and this was reflected in his hobbies. Within three years of 
their discovery in 1895 he was working with X-rays, and in the 
years before broadcasting he had experimented widely with wireless. 

He was a Deputy Lieutenant in Lancashire and a Justice of the 
Peace for Norfolk. 

Lord Cozens-Hardy was by nature a leader and he had those 
basic qualities of character which make a leadership good and 
enduring. A quiet and friendly manner did not conceal a strong 
personality which, with his habitual thoroughness in examining all 
aspects of a proposal before coming to a conclusion and with 
decisiveness in action thereafter, inspired confidence in all who 
served him. An instinctive kindliness and concern for the well-being 
of others won their loyalty and affection. 

Lord Cozens-Hardy joined The Institution as a Student in 1893 
and was elected an Associate in 1896, an Associate Member in 1899 
and a Member in 1904. He was also a Member of The Institution of 
Mechanical Engineers. J. M. 


WILLIAM RICHARD HACKWORTH 


William Richard Hackworth, who died on the 14th November 
1956 at the age of 76 years, was in the front rank of the heavy- 
traction, substation and distribution, engineers of his time. 

He was born on the 7th October 1880 and was educated in 
New Zealand. He received his early training as a pupil apprentice 
'0 an electrical engineering firm in Wellington, New Zealand. On 
completion of his apprenticeship, he served with the White Star 

as an electrician for a short period before entering the service 
of the Underground Electric Railways in London as a substation 
Operator in 1905. 

In August 1915 he was appointed Superintendent of Substations 

on the London Underground system of railways, a position which 


WARCH 1957 





OBITUARY 











he retained when the Underground Electric Railways were taken 
over by the London Passenger Transport Board in 1933. In 1936, 
he was promoted to Substation Engineer, in which capacity he 
served until his retirement from London Transport in October 1945. 

He was prominent in the conversion from rotary generators 
to mercury-arc rectifiers and not less so in the innovation of 
automatic control substations. He was a leading figure in the 
introduction of the first large-scale central-control substation at 
Leicester Square; which began operation some 25 years ago and 
was the forerunner in the general adoption of central control for 
British heavy traction. 

William Hackworth was the most dependable of men, of quiet 
demeanour and of few words, which, however, were not without 
their forcefulness. He was endeared to his colleagues and took 
great interest in the welfare and pastimes of the employees. He 
never gave anyone a job which he would not undertake himself. 
When a failure of equipment occurred, or a major failure upon the 
railways of any kind, Hackworth always seemed to be the first at 
the scene. His initiative and powers of immediate improvisation 
on repair work were surprising and exemplary. 

During his long service he acquired many friends, who miss 
him greatly. His help and most willing co-operation, his ability 
and proficiency in his work will be remembered for many years 
on the Underground railways and in the industry of this and other 
countries. 

He joined The Institution as an Associate Member in 1912 and 
was elected a Member in 1943. J. P. T. 


GEORGE WILLIAM SPENCER HAWES 


George William Spencer Hawes, 0.B.£., who died on the 
13th October 1956 after a long period of ill-health, was born 
at Steeple Claydon, Buckinghamshire, in 1871. He had lived in 
Reading for the last fifty years. He was a pioneer in the electric 
supply industry, in which he had a long and distinguished career. 
In his early days he was employed with the House to House 
Electric Supply Co. and was for 24 years Manager of the Brighton 
and Hove Electric Light Co. For a number of years he was a Chief 
Assistant to the well-known Consultant, Mr. Robert Hammond, 
and he was a founder partner of the consulting firm of May 
and Hawes. In the last capacity he advised many authorities and 
companies throughout the country on electrical projects and 
became well known in Parliamentary Committee rooms as an expert 
witness. : 

In 1915 he was appointed Managing Director of the Reading 
Electric Supply Co., and later was elected Chairman, a position 
which he held until the Reading Corporation acquired the under- 
taking. He was instrumental in the formation of the Thames Valley 
Electric Supply Co. At various times he was Chairman of the 
Electric Construction Co. of Wolverhampton, a Director of the 
North Metropolitan Electric Supply Co. and the Wessex Electricity 
Co., and Chairman of the Home Counties Joint Industrial Council, 
which dealt with labour questions in electric supply undertakings. 

In 1930 he was elected to the Reading Town Council at a by- 
election, and in 1931 he retained his seat with a majority of 1517 
votes, at that time a record for the borough. 

In 1934 Mr. Hawes was commissioned to examine and report 
on electricity supply in Trinidad. 

He was also keenly interested in publishing and advertising and 
for many years contributed regularly to the electrical Press. He 
was a director of the Municipal Journal for nearly forty years. He 
joined the board of the Reading Standard Ltd., on the formation 
of the company in 1937, and was for some time Managing Director 
and Vice-Chairman. He was Chairman of Howard Bull Ltd. 

During the 1914-18 War Mr. Hawes was engaged on important 
work for the Ministry of Shipping, and in the Second World War 
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he was Vice-Chairman of the Ministry of Information Committee 
in Reading. 

He was at one time a Director of the Calcot Goli Club and a 
Vice-President of the Reading Cricket Club. 

Mr. Hawes joined The Institution as an Associate in 1898 and 
was elected an Associate Member in 1899 and a Member in 1901. 


[With acknowledgment to the Editor of the ‘Reading Standard’.| 


ALFRED THOMAS MORRIS 


Alfred Thomas Morris, who died on the 23rd November 1956, 
was born on the 9th July 1883. He war educated at Bedford 
Modern School, where he was an exhibitioner. He started his 
technical training in 1902 at Faraday House, first gaining a Faraday 
Scholarship through an examination at which the late Dr. Alexander 
Russell was the invigilator. He ended his theoretical training a year 
later as brilliantly as he began it by taking the first place in the 
final examination, which entitled him to an honours diploma. From 
1903 to 1905 he obtained practical training with Messrs. Belliss 
and Morcom, Johnson and Phillips, and the Faraday House 
testing laboratories. 

In 1905 he joined the dozen young men who were testing cables 
at the Callender’s Cable Co.’s works at Belvedere. It was shift work 
and when off duty he played tennis with the late H. E. Midgley 
and others, or made up a party to go swimming in Plumstead 
baths. He became an assistant in the Mains Department of the 
Wimbledon Urban Disirict Council in 1906. 

He came back te Faraday House in 1908 as a member of the 
Standardizing Department. After promotion to Assistant Inspector 
and Chief Assistant he became Superintendent in 1920. Like Dr. 
Russell, the Principal, Morris had an academic and mathematical 
mind which was well equipped to deal with the numerous and often 
obscure technical problems referred to the Standardizing Department. 

His last working years were spent on research at the John 
Summers iron works near Chester, and he retired several years 
before his death. He was a faithful and understanding friend. He is 
survived by his widow. 

He joined The Institution as a Student in 1902 and was elected an 
Associate Member in 1909 and a Member in 1924. H. W. S. 


ERNEST GORDON OKELL 


Ernest Gordon Okell, who died on the 13th April 1956, was born 
on the 15th February 1868, and was educated at Oundle, after 
which he took a three-year course in engineering at Owens 
College, Manchester, specializing in electrical subjects. 

His earlier years in the electrical industry were spent in various 
parts of the country. He served a four-year apprenticeship with 
Blakey Emmott and Co. of Halifax. In 1891 he went to Glasgow 
to join W. Harvie and Co. as Electrical Engineer and Works 
Manager, and here he had sole charge of the erection and equip- 
ment of new works. He left this employment in 1895 to become 
Works Manager of Messrs. J. A. Edmondson, of Leeds, and the 
next year joined the staff of Ferranti Ltd. for a short time, in the 
capacity of design draughtsman. In August 1896 he was appointed 
as Assistant to Mr. J. H. Ryder, then Borough Electrical Engineer 
to the City of Plymouth. Some five years later Mr. Okell succeeded 
Mr. Ryder as Borough Electrical Engineer. At that time there 
existed great possibilities in the sphere of electricity supply, and 
Mr. Okell and his staff were responsible for making the most of 
the opportunities which contributed towards the rapid growth of 
the Plymouth undertaking. : 

He retired in July 1934, and, when his wife died in 1949, he went 
to live with his only daughter at Widemouth, in North Cornwall. 
He was a very quiet and reserved man and was content to live 
a simple life, his interests being centred mainly in his workshop, 
where he constructed many useful and unique pieces of furniture, 
and did a considerable amount of wood carving; he also followed 
his other hobbies of fishing and gardening. He retained a remark- 
able possession of his faculties, and, at the age of 84, was often 
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to be seen driving his car near Widemouth. Although he had» 
great interest in public life, his neighbours found him always ready 
to help them with their problems. 

Mr. Okell jeined The Institution as a Student in 1888 and wy 
elected an Associate in 1891 and a Member in 1901. He was Vig. 
Chairman of the Western Local Section 1928-30, Chairma 
1930-31, and served as a member of the Section Committee fy 
several years. W. RS, 


RONALD LANCELOT PHILLIPS 


Ronald Lancelot Phillips, c.B., c.B.E., who died on the 22nd Novem 
ber 1956, was born on the 19th April 1909. His death has deprived 
the Royal Air Force of one of its early radar pioneers, whog 
efforts contributed so much to the air defences of this county 
during the 1939-45 War. 

He joined the Service at the age of 15 as an aircraft apprentice, 
At the end of his training period he was awarded the Hyde 
Thompson Memorial Prize and qualified for entry as an officer. 
cadet into the R.A.F. College, Cranwell, where he won the Abdy 
Gerrard Fellowes Memorial Prize awarded for technical subjects, 
He was gazetted as a Pilot-Officer in the General Duties (Flying) 
Branch in 1929. After three years on squadron flying duties, he was 
posted to the Electrical and Wireless School for advanced signals 
training. During the next five years, until the start of the war, he 
alternately held flying and signals posts and eventually transferred 
to the Technical Branch (Signals) in 1940. Shortly afterwards he 
specialized in radar and from then onwards until the end of the war 
filled appointments as a radar specialist in both this country and 
on the Continent. In this work he gained rapid promotion, being 
appointed, in 1943, to command a Signals Wing with the acting 
rank of Air Commodore at the age of 34. In 1945 he became the 
Senior Air Staff Officer of No. 60 Group (the war-time Radar 
Group), and in 1946 was given the important appointment of Chief 
Signals Officer of Fighter Command. Later, in 1948, he joined 
No. 90 Group (Signals) as Senior Air Staff Officer, and then became 
Director of Radio at the Air Ministry. His next appointment, which 
he had just completed at the time of his death, was that of Air 
Officer Commanding No. 27 Group (Signals Training). 

He was mentioned in dispatches three times during the war, and 
was appointed a C.B.E. in 1946 and a C.B. in 1955. 

Phillips was a visionary. His ability to apply his extensive tech- 
nical knowledge to planning for the future was amply displayed 
during the period of rapid development of defence radar during 
the war; and, later, in Fighter Command, where he was largely 
responsible for producing the Command signals plan for future 
air warfare. He entered the Royal Air Force at a time when it was 
beginning to be realized how important a part the technique of 
electronics would play in warfare of the future. He followed this 
evolution closely, and in his own specialist sphere played a promi- 
nent role in adapting it to the needs of his own Service. 

Phillips was a whole-hearted enthusiast in his profession and a 
good commander and leader. He was devoted to the Service in which 
he had spent the whole of his life since the beginning of his appren- 
tice days. He was liked and respected by both his seniors and 
subordinates, and his untimely death will be greatly regretted by 
those with whom he had served in both peace and war. He leaves 
a widow and two sons. 

Air Commodore Phillips joined The Institution as an Associate 
Member in 1950 and was elected a Member in 1953. E. B. A. 


EDWARD JOHN RIORDAN 


Edward John Riordan, B.£., who died on the 14th November 1956, 
was born on the 23rd March 1903 in Charleville, County 

He was educated in Charleville and at the Royal College of Science, 
Dublin, and at University College, Dublin. After graduating 1 
1925, he joined Ferranti Ltd. at Hollinwood, where, in the Meter 
Research Laboratories, he was engaged in research on various 
types of meters and instruments, being particularly interested at 
that time in the metering of supplies to mercury-arc rectifiers. 
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In 1928 Mr. Riordan joined the Aron Meter Co. as Assistant 
to the Chief Engineer, and from 1932 until his death was Technical 
Manager. His early work on the design of meters has stood the test 
of time, in that his designs are still basically unaltered. He always 
thought well ahead, and had a well-developed answer ready for a 
new problem put before him. During the last war he undertook 
considerable design work on behalf of the Royal Aircraft Estab- 
jishment and the Ministry of Supply. 

Those who knew him and were associated with him on various 
British Standards Institution committees will miss his cheerful and 
helpful observations. He leaves a widow, a son and a daughter. 

Mr. Riordan joined The Institution as an Associate Member 
in 1942 and was elected a Member in 1948. He served as a member 
of the Measurements Section Committee 1944-47. H. S. P. 


HECTOR SLEEMAN 


Hector Sleeman, T.D., who died on the 26th June 1956, at his home 
in Victoria, Australia, was born on the 6th December 1890. 

He was educated in Melbourne, and in 1909 joined Siemen Bros. 
Dynamo Works there, to carry out practical training. Two years 
later he transferred to the Australian General Electric Co. as an 
assistant engineer. 

After war service with the Australian Corps of Engineers and the 
Royal Flying Corps in the First World War, he proceeded to 
England and took up an advisory appointment with Vickers, which 
he held from 1919 to 1921. His work was concerned with proposals 
to the Australian Government about commercial aviation. In 1921 
he joined the staff of the British Thomson-Houston Co., for which 
he undertook important engineering projects in India and Burma. 
He was appointed in 1924 to the Rangoon Electric Tramway and 
Supply Co. as Constructive Engineer, later becoming Deputy Chief 
Engineer and then Chief Engineer of the company, a position which 
he held until the outbreak of war with Japan. He was A.D.C. to the 
Governor of Burma and in the Burma Civic Force. 

In May 1938 he was promoted to the rank of Colonel in the 
Burma Auxiliary Force of Royal Engineers, and he was appointed 
Commander Fixed Defences, Rangoon, in 1939. Some two years 
later he was released from the Rangoon Electric Tramway and 
Supply Co. to serve full time in the Army, and he was on General 
Slim’s staff during the evacuation of Burma in 1942. 

Subsequently he was on the staff, at General Headquarters in 
Madras and Delhi, and from 1944 to 1947 he was in command of 
505 Delhi Heavy Workshops and Neerup Base Workshops. 

After the war was over he returned to Australia, and went into 
private practice as a consulting engineer. From 1951 to 1954 he 
was Manager of the Townsville Electricity Board. 

Col. Sleeman joined The Institution as an Associate Member in 
1938 and was elected a Member in 1942. He was also a Member of 
The Institution of Mechanical Engineers, a Fellow of the American 
Institute of Electrical Engineers and a Member of The Institution 
of Engineers, Australia. C. A. P. O. 


THOMAS WADSWORTH 


Thomas Wadsworth, M.sc., was born at Barton, Lancashire, on the 
12th January 1880. He died on the way to South Africa, in Mombasa 
Hospital, on the 12th October 1956. 

His elementary education was at Salford and he proceeded to 
Manchester College of Technology and Manchester University, 
gaduating with an M.Sc. degree in 1906. 

For two years he was with the General Electric Co. at Salford, 
and in 1903 took up lecturing at Chelsea Polytechnic. From 1905 
to 1908 he was a partner in the firm of Clark Fisher and Wadsworth, 
mstrument manufacturers. He became Head of the Electrical 
Engineering Department at Woolwich Polytechnic in 1908, and 
two years later was appointed Lecturer and Instructor at the works 
of Johnson and Phillips at Charlton. He served in the Royal 
Engineers from 1915 to 1918, and after the war was appointed 
Head of the Electrical Engineering Department at Coventry 
Technical Institute. He left Coventry in 1924 to become Chief 
Assistant to the Head of the B.T.H. Co.’s Research Laboratory at 
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Rugby, and retired from the Company in 1947. He was a familiar 
figure in scientific, engineering and educational circles, and .was 
President of the Rugby Engineering Society in 1933. 

Tom Wadsworth was a remarkable man. The /east things about 
him were his notable academic, scientific and engineering achieve- 
ments—though they made him a fine teacher and a successful 
leader in electrical research. In the early days of the B.T.H. 
Research Laboratory he was a guide, philosopher and friend to the 
younger scientists and engineers who were learning the new job of 
industrial research. His sound knowledge and practical persistence 
prevented errors and inspired progress. He invited consultation 
and was always helpful. 

The greatest thing about him was his intensely enjoyed philo- 
sophic outlook on literature, the drama and life. He had a liking 
for friendly argument—often cunningly raised for pure fun and 
the joy of intellectual acrobatics. He was a lover of Shakespeare, 
and during his quarter of a century in the Midlands was an 
amazingly frequent visitor to the Stratford Theatre. When petrol 
was unobtainable for the purpose he would bicycle once or twice 
a week from Rugby to Stratford and back (25 miles each way) 
to see again plays he had enjoyed many times before. A moun- 
taineer, traveller, walker, swimmer, he was always ready to take 
enthusiastic part in any affair appealing to his sense of humour and 
spirit of adventure. 

He was a man completely without affectation, with little care for 
finery and appearance. His attainments and varied experiences and 
pursuits never robbed him of a rich Lancashire geniality, wit and 
accent. He lived by science but for philosophy and fun. Those who 
were his colleagues greatly enjoyed being so. They miss a rare 
character, and a reliable, kindly friend—and they will never forget 
his attractive smile. 

Mr. Wadsworth joined The Institution as an Associate in 1905 
and was elected an Associate Member in 1908 and a Member in 
1915. He was Chairman of the Wireless Section 1937-38, and was 
a member of the Section Committee (later the Radio Section 
Committee) 1943-1946. He was also a member of the South Midland 
Centre Committee 1940-1943. H. W. 


GORDON MABOR WALKER 


Gordon Mabor Walker, who died on the 12th November 1956 in 
Malaya, was born on the 11th August 1905. He was educated at 
Christ’s College, Finchley, which he attended for nine years, and 
in 1923 he began his electrical engineering education at Faraday 
House, gaining a diploma in 1927. He obtained his practical 
training with Sir W. G. Armstrong Whitworth and Co. at New- 
castle upon Tyne and with the Electric Construction Co. at 
Wolverhampton between 1924 and 1927. 

In 1927 he was appointed an assistant engineer of the Hydro- 
Electric Department of the Manchester works of Armstrong 
Whitworth, and there he was concerned primarily with the manu- 
facture of turbines and the testing of governors. A year later he 
went to Ipoh in Malaya to work for the Perak River Hydro-Electric 
Power Co. as Assistant Electrical and Mechanical Engineer, leaving 
in 1931 at his own request when construction of the plant com- 
missioned by the Company was complete. The next five months 
found him touring the Far East to gain engineering experience, but 
in November 1931 he returned to the employ of Armstrong Whit- 
worth as Engineer and Representative in India. In this capacity he 
did much work on the assembly and testing of Diesel-electric 
rail-cars and shunting locomotives. In 1938 he accepted an appoint- 
ment in Ceylon as Engineer and Representative for R. A. Lister 
and Co. and for Blackstone and Co. Throughout the Second World 
War he gave assistance to the Services over power supplies for 
air-strips, bases, etc., in Ceylon and South India. 

After the war Mr. Walker moved to Nairobi, where he became 
Deputy General Manager for the East African Power and Lighting 
Co., but in 1955 he returned to the Perak River Hydro-Electric 
Power Co. at Ipoh, as Deputy General Manager, in which position 
he was still serving at the time of his death. 

Mr. Walker had an unusually pleasant personality and was well 
liked by all with whom he came in contact. All his staff and friends 
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felt the sincerity of the man, and his desire to help in any way he 
could with any problem that was brought to him. 

Owing to his keen ambition and desire to give the best service 
possible in his job he had very little leisure, but what he had was 
usually absorbed in photography. His home life was an extremely 
happy one, and his wife shared all his interests with him. They 


took for recreation long exploratory expeditions into the hinterlagy 
of the countries where he was working, making a point of Visiting 
places little seen by the average traveller. 

Mr. Walker joined The Institution as a Student in 1925 and wy 
elected an Associate Member in 1932 and a Member in 1954, 


B. C.L4, 





CORRESPONDENCE 


APPEARANCE DESIGN 
From SIR GORDON RUSSELL, c.B.£., M.c. 


Nothing is so hard to cope with as apathy, and so the down- 
right swingeing of Mr. O. D. Robinson in the January issue 
does my heart good. 

But I must remind him of certain facts. For the last fifty 
years a great number of qualified people have reported on the 
low standards of design in many British goods. Design, they 
contended, was an essential element of quality, and if Britain 
wished to sell goods of the highest quality the design of them 
would have to be more imaginative and competent. 

The Council of Industrial Design was set up in 1944 to 
encourage industry in this direction. It has never had, nor 
does it want, any power of dictation or control. Its Chairman, 
Mr. W. J. Worboys, is Commercial Director of Imperial 
Chemical Industries, and the majority of its twenty-four 
members are well-known business men. Its policy therefore is 
a realist one and it would hardly be likely to take the narrow 
view of any clique. But I can claim that on the subject of 
industrial design the Ceuncil has accumulated a considerable 
store of information. That its judgment is respected is shown 
by the fact that since the Design Centre in Haymarket was 
opened by the Duke of Edinburgh last April more than 
500000 people have visited it. 


Sir Gordon Russell is Director of the Council of Industrial Design. 





UNIVERSITIES AND HEAVY ELECTRICAL 
ENGINEERING 


From D. A. BELL, M.A., B.SC., PH.D., MEMBER 


From time to time one hears complaints in this country—and 
one sees similar comments in American literature—that the 
rising generation is concentrating on electronics to such an 
extent that the heavy electrical industry is being starved of 
competent graduate engineers. How far this may be due to 
differences in employment prospects in light and heavy 
branches of the industry is debatable, but surely it is true that 
no graduate who has specialized in machines or other topics 
in heavy electrical engineering will be out of work to-day. 
When, moreover, students select the special topics in their 
course a year or more before graduation, there is a prima facie 
case that the decision is not due solely to their opinions of the 
industry, but is also influenced by the nature of the course 
within the university. If it can be shown that there is a correla- 
tion between academic ability and the choice of light-current 
work, the implication is that the traditional course on 
machines lacks intellectual challenge. If this be so, how can it 
be remedied ? 


Dr. Bell is at the University of Birmingham. 
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eS 


Some of the features which make a field of study inte. 
lectually satisfying are: 


(a) A logical and comprehensive structure of theoretical laws, 
(b) Experiments which give precise verification of these laws, 
(c) Theoretical problems which approach the philosophic 
level. 

(d) The existence of lively research work. 


In light-current work (a) and (b) are provided by the theory 
of electromagnetism, (c) by relativity and by information 
theory, and (d) by the vast amount of research work on 
circuits, applications of new materials, and a drive to increase 
progressively the highest frequency that can be put to practical 
use, amongst other things. On the machines side, Professor 
Rawcliffe has shown* that there is plenty of good research 
work available. Some attempt has also been made, especially 
at the M.IL.T., to provide (a) by constructing a general mathe. 
matical theory of rotating machines. The limitation of this 
approach is that it is a ‘linear’ theory and ignores the limits 
imposed on the values of the parameters of a machine by the 
physical properties of materials. This mathematical unifica- 
tion seems to the writer too abstract to be satisfying to an 
engineer, and the following items are suggested as pointers 
to the means of introducing features (a), (6) and (c) intoa 
machines course. 


(i) The study of machines should be a study of the way in 
which both the general laws of nature and the properties of 
available materials have been put to use. Such an approach 
will cover questions of shape and size of practical machines, 
as well as of mathematical formulation, but will avoid being 
an ad hoc study of existing designs. 

(ii) Tuition in physics should be an integral part of the 
course, continuing over the greater part of the time, and nota 
subsidiary requirement to be disposed of as quickly as 
possible. 

(iii) The philosophic content could be provided by con- 
sidering, first, basic physical laws (such as those of thermo- 
dynamics) in general as well as in electrical applications, and, 
secondly, social and economic factors such as are involved 
in public-utility systems, in combination or in conflict with 
purely technical factors. Examples can be found in electric 
traction; in the choice of steam, hydro or nuclear prime 
sources for electromechanical generating sources; in the 
possibilities of the fuel cell and the solar cell; and in problems 
of direct versus alternating current for bulk transmission. 


It may be that such ideas and methods are already incorpo- 
rated in a number of university courses. But, if these ideas afe 
generally thought to be unorthodox, perhaps the forthcoming 
expansion of the universities could be made the opportunity 
to try out some courses which depart from tradition i 
preparing graduates who might be tempted into the heavy 
electrical industry. 


* Rawculrre, G. H.: ‘Recent University Researches in Dynamo-Electric Machinery 
and Apparatus’, The BEAMA Journal, 1956, 63, p. 143. 
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MONOGRAPHS AND PAPERS 
published individually this month 


MONOGRAPHS 


Design Data for Symmetrical Darlington Filters Monograph 
227R 

}, K. SKWIRZYNSKI, B.SC., and J, ZDUNEK, DIPL.ING. 

The aim of the monograph is to produce complete design data 
(ie. the values of components in terms of generalized fre- 
quency and load conditions) of symmetrical equally terminated 
filters consisting of reactances only. The data are produced in 
graphical form and are carefully plotted to slide-rule accuracy ; 
they are sufficiently dense to cover fully the usual require- 
ments, without the use of interpolation. 

The filters are designed on the basis of Darlington’s 
insertion-loss theory with Chebyshev behaviour both in the 
pass band and in the attenuation band. This allows for the 
unique correlation of the usual design specifications, which is 
displayed in a graphical form. 


Mode Separation at the 7t-Mode in a Dielectric Loaded Wave- 
guide Cavity Monograph 228R 

G. B. WALKER, PH.D., and N. D. WEST, B.SC.(ENG.) 

The authors examine the dispersion characteristics of periodi- 
cally loaded waveguides. As is well known, a loaded wave- 
guide has the properties of a filter having infinitely many stop 
bands, these occurring when the phase change per section for 
the wave is a multiple of 7 radians. It is sometimes desirable 
to operate the structure in the 77-mode, but the resulting zero 
group-velocity raises considerable difficulties. 

In their monograph the authors show how a finite group 
velocity at the 7r-mode frequency can be obtained in a wave- 
guide loaded with solid dielectric disks. To permit the passage 
of an electron beam it is necessary for the disks to have central 
holes. Evanescent and other propagating modes are set up but 
the authors demonstrate that it is still possible to operate the 
structure in the 77-mode with a finite group velocity. 


Synchronized Systems with Time Delay in the Loop Mono- 

graph 229 R 

Z. J. JELONEK, DIPL.ING., and C. 1. COWAN, B.SC. 
The authors consider synchronized feedback oscillators 
possessing low-pass and band-pass filters in the loop. They 
show that these filters can, under certain conditions, be 
represented by time-delay networks. 

Stability and the pulling effect in a synchronized oscillator 
with a time-delay network in the loop are investigated 
analytically, graphically and with the help of an analogue. 
The corresponding non-linear differential equation is studied 
and typical solutions are presented on the phase plane. 


PAPERS 


The Remote and Automatic Control of Semi-Attended Broad- 
casting Transmitters Paper 2329 R: Part B 

. T. B. WYNN, C.B.E., M.A., and F. A. PEACHEY 

ln the Chairman’s Address to the Radio Section in October 

1949 Mr. Wynn gave a description of the steps that the B.B.C. 

Was taking to extend its sound broadcasting service, without a 
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proportional increase in the number of its technical staff. 
This was achieved by broadcasting from unstaffed transmitters 
remote from the studios that supply the programme material. 
The paper reviews this technique and confirms that the steps 
taken were justified. 


To be read on the 10th April. 


Electrical Floor Warming Paper 2330 U: Part A 
J. W. MOULE, B.SC.(ENG.), and W. M. STEVENSON, T.D. 


The development of off-peak load is increasingly important 
to the electricity supply industry, and the paper sets out 
experience obtained in off-peak electrical floor warming in the 
South of Scotland. Special features in the design and control 
of electrical floor warming and various methods of installa- 
tion are discussed. Particulars are given of some representa- 
tive installations, including single- and two-storey buildings, 
multi-storey buildings, and dwelling houses. Actual operating 
results are quoted and analysed. A section is included on 
off-peak tariff design, bringing out the South of Scotland 
Electricity Board’s approach to this problem. 
Some reference is made to the comparative economics of 
electrical floor warming and other methods of space heating. 
In the conclusions the authors suggest that, as this method of 
space heating has so much to commend it, the electricity 
industry can confidently take further steps in its development. 


To be published on the Ist April and read on the 11th April. 


Earth-Electrode Systems for Large Electric Stations Paper 
2341 s: Part B 


J. D. HUMPHRIES, B.SC.(ENG.) 


Interconnected systems have increased considerably in recent 
years, and the large earth-fault currents that may result require 
further thought on earth system design, especially in areas of 
high soil resistivity. The paper discusses the special practical 
problems of the design, construction and testing of earth- 
electrode systems for stations with possible earth-fault 
currents in excess of 3kA. The basic components are reviewed, 
and principles of design are suggested for power station and 
large substation earthing installations. The author considers 
several examples in detail, and gives brief notes of a number 
of other stations. He discusses the measurement of the 
dissipation resistance of large earth electrodes, and describes 
new techniques of resistance measurement which have been 
specially developed for use with large installations. 


To be read on the 27th March. 


A Cyclotron for Medical Research Paper 2342 M: Part B 


J. W. GALLOP, B.SC.(ENG.), D. D. VONBERG, B.SC.(ENG.), R. J. 
POST, W. B. POWELL, M.A., J. SHARP, B.SC.(ENG.), and P. J. 
WATERTON, B.SC.(ENG.) 


The paper describes the design and construction of the 
Medical Research Council fixed-frequency cyclotron, which 
is to be used in research for radiotherapy and radiobiology 
and for the production of radioactive isotopes for diagnostic, 
therapeutic and medical research purposes. The machine is 
designed to maintain an output of 15MeV deuterons of 
200 microamp in an external beam under routine operating 
conditions. 

Special care has been taken throughout the design to ensure 
ease of maintenance and reliable routine operation. 


To be read on the 21st March. 
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Elections and Transfers 


The following elections and transfers were approved by the 
Council during December 1956, and January and February 


1957. 


ELECTIONS 


Members 
Manser, Albert William, B.Sc. 


Associate Members 


AITKEN, William Alexander Sinclair 

App.Lesy, John Robert 

ARCHER, Robert Fenwick, B.sc. 

Bates, Samuel, B.SC.(ENG.) 

Buat, Mariappa Ramachandra, B.sc. 

BorriLi, Leonard Thomas 

BouGu, James Arthur 

Boyer, Frank Albert, B.sc. 

BREMNER, Samuel Henry Bishop, B.sc. 

Brooks, William 

Brown, Albert George Charles 

Brown, Alfred Dixon 

BuDDEN, Kenneth Charles 

BUTTINGER, Philip, B.sc. 

CARDEN, Reginald William George 

Carter, John Paterson, M.Sc. 

CHAIMOWICZ, Jean-Claude Adam, 
ING.E.S.E. 

CHAPMAN, Stanley, B.A. 

CHARLU, Professor Paul Krishnama, 
B.E., M.S. 

CHESWoRTH, Bernard John, B.A. 

CHUCHLA, Jerzy Kazimierz 

CLARKE, Richard James 

CLARKE, William Joseph 

Cook, Raymond 

CouGuTriz, George Thomas 

Dapson, Clifford Ernest 

Dain, John, M.A. 

DaLton, Charles Ernest Weir 

DupGEon, Denis Robert, B.sc.(ENG.) 

EDMONDSON, Francis, B.SC.(ENG.) 

ELPHick, Instr.-Cmdr. Leonard 
Charles, B.sc. 

Estrop, Lawrence Ronald 

EwIna, William 

Fairey, Frank, B.A. 

FisHeR, Roy 

FLANAGAN, Terence Patrick 

FRANKEIN, William 

GAWTHROP, John, M.ENG. 

Gissons, William Roy 

GILBERT, James Frederick 

GLASSBROOK, George James 

GOLDHAMMER, Jakov, EL. ENGR. 

Greer, James Russell, B.sc.(ENG.) 

GrirrFitHs, Herbert William 

Har Ley, Philip Parkin 

Harwoop, Hugh Dudley, B.sc. 

HATFIELD, Reginald Frederick 

Heap, Harry Rupert, B.sc. 

HENRIKSEN, Jorn Ulrich Skafte, m.sc. 

HIGGINSON, Norman 

HIL., Harry 

Homes, John Guyscliffe, B.sc. 

Hurst, Horace Garside 

HUTCHEON, Ian Carrodus, M.A. 


INNIss, Richard Edwin Knollys, B.ENG. 


Jones, Richard, B.sc. 

KITCHEN, Frederick, B.SC., B.SC.(ENG.) 
KittLe, Raymond Lawrence 

Koster, Johan Pieter 

LAMBERT, Louis John, B.E. 


Companions 
Hurry, Sydney Charles, m.B.e. 


Associates 


ALLEN, Alaric 

ASHFORTH, Charles Leslie 

Axe, George Attwooll 
BaRKHAM, James Harding Gilroy 
Betts, Frank 

Bropr, Ernest Henry 

Burcess, Geoffrey Arnell 
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Soutar, George Ritchie Croll, B.sc. 


LiLute, Stewart 

MCARDLE, Patrick Joseph, B.£. 

McCoo., Kevin Daniel, B.£. 

MACLEAN, Thomas Stewart Mackenzie, 
B.SC. 

MARSHALL, Ernest John Harold 

Mawer, Gordon Eric, B.sc. 

MERRELL, Edwin J., B.s. 

MORETON-SMITH, Alan 

MorGan, Ancel 

Morris, Arnold Alec Rudolph Leslie 
Marshall, B.Sc. 

Morris, Jack Herbert, B.sc. 

NACHIMSON, Naoum 

NEeILson, Lt.-Col. James Meyrick, 
R.E.M.E. 

NICHOLSON, Major Eric Henry, B.sc. 

PALMER, John Drayton, B.A. 

Payne, Ronald James 

PowELL, Emrys Melville Thomas 

Pratt, John Leonard, B.SC.(ENG.) 

RANDALL, John James 

RENWICK, William, M.A., B.SC. 

Roserts, LESLIE, B.SC.TECH. 

Rosson, Ronald 

Ropcers, Air Comm. Alexander 
Mitchell, B.sc. 

Rozycki, Wladyslaw, DIPL.ING. 

RussE_, Major James Harry, T.p. 

SAINI, Capt. Bhagat Ram, B.A. 

Scott, Harry Dornan 

Secker, Clifford Edward 

SHANKS, Oswald Gregory 

SHARPE, John Donayre 

SHEPHERD, Group-Capt. John 

SIGOURNAY, Norman Lomas, B.Sc. 
(ENG.) 

Stivestri, Luigi 

Sms, Geoffrey Donald, M.sc., B.SC., 
PH.D. 

SKINNER, Rowand Gordon Chalmers, 
D.F.C., B.SC. 

Smart, Deryck William 

Smrru, Archibald Cook Campbell 

SmirH, Donald James 

Situ, Peter Dent, M.A. 

Spector, Jehoshua Oswald, ING.(E.E.), 
PH.D. 

STODHART, Arthur Henry 

STRICKER, Stephan, ENG. 

Tevuier, Roger André, ING.E.S.E. 

Tuomas, Gordon Eric 

VAN NIEKERK, Johannes Ferreira, 
B.SC., B.SC.(ENG.) 

Warob, Cyril Frank 

Wesster, Douglas Alister, B.E. 

West, William Dennis Percy 

WILLIAMS, Brian Percy 


WILSON, Fit.-Lt. Benjamin Noel, R.A.F. 


Wincu, Edmund Martin Plaisted 
WRIGLEY, Ronald John 
YOuNG, Bruce Dunlop, B.£E. 


TooruHiLt, John Norman, C.B.£. 


CarRRICK, Campbell 
Davies, Eric 

DUNNELL, Richard 
Dyer, Donald Frederick 
Evxins, Neil Albert 
GENNA, William Norman 
Gray, James 


Associates (contd.) 


HAMLIN, James Laurence 

HANKIN, Albert Edward 

Harris, William Edward, M.B.E., 
D.SC. 

HENDERSON, William McCulloch 

Kinsey, Richard Phillip 

Lona, William Joseph George 

Lutte, Paul Langley 

LYDALL, Frank Berti, M.B.E. 

McCartney, Albert 

McGouGu, Harold Dominick 

MarTIN, Ronald 

O’HarRA, William Ive, B.sC.(ENG.) 

OLIverR, James Stuart 

OSBORNE, Robert Albert 


Graduates 


ALDRED, Keith, B.ENG. 

ALEXANDER, Andrew Donald Alfred 

AYLotTT, Derek John, B.A. 

BaRLOw, Peter Guise, B.A. 

BATTRICK, Norman Percy 

BECKFORD, George Edwin 

BENNETT, Alan Geoffrey, B.SC. 

BENSON, Douglas Victor 

BEVAN, Thomas Aneurin Pugh 

BHARGAVA, Rajendra Nath, B.SC.(ENG.), 
M.A.SC. 

Boice, Cyril John 

BraGaG, Geoffrey Philip 

Brassett, Geoffrey Herbert 

Briccs, Alan Charles, B.SC.(ENG.) 

Briscoe, Lt. Alan Neville, B.A., R.N. 

BROMLEY, Ronald Alfred 

Brown, Norman 

BUCKLEY, Cyril 

BurGess, Gordon 

Burcess, John Alec 

BURROUGHS, Frank 

BURSLEM, Harry 

BuTLER, Michael John 

CALLAN, Ernest Roy 

CAMPLING, Allen Charles 

CANN, Peter 

CHADWICK, Alan Ramsden 

CHANDRA, Suresh, B.SC. 

CLAYTON, Peter Edward 

CLeary, Alan 

Coe, Stephen Keith 

Coes, Howard Edgar, B.ENG. 

COLLEN, Fritz Regis 

Connors, Peter Gervase 

CorRDUKES, Peter William, B.SC. 

Cox, William Herbert 

CRANE, Jack Arthur 

CULLERN, Brian 

CuRRELL, Ronald Percy 

Dar.ey, Leonard Bertram 

D’ASSUMPCAO, Henrique Antonio, B.£. 

Day, Frank Edward Gilbert 

DeEDMAN, William Leonard 

DICKINSON, Deryck 

Doia, James Ainslie 

DRABWELL, Albert Ronald 

Dukes, Donald 

EDGINGTON, Geoffrey 

ELLIs, Peter 

ELPHICK, Michael] Sidney 

Forp, Geoffrey Harold, B.sc. 

FRANCIS, Keith Donald 

FRANKTON, Harold Michael, 
B.SC.(ENG.) 

FRENCH, Terence James 

FurRNIVAL, Albert Edward 

Green, George 

GreEN, Leonard William 

GREEN, Maurice 

GrirriTHs, Hugh Bowen 

Grirritus. Kenneth Meyrick 

Grube, Eugene Ferdinand George 

Grucny, Charles Richard 

GuIlLp, William Forsyth 

HALL, Alfred John Charles, B.£.£. 

HALLIWELL, Jack 

HAMBRIDGE, Alan 

HAMMOND, John 

Harris, Frederick Ralph 

Harris, Graham John 

Hart, William Henry 

HARTLEY, Brian 


PooLe, David Clement 
Prior, Reginald Howard William 
Sayer, John Alan 
SHEARER, Robert 

STEVENS, Maurice Herbert 
TOWELL, James 

VAUGHAN, Leslie William 
WALTERS, Llewellyn George 
WHELDON, Norman Robert 
WiLuiaMs, John David 
WILLIS, Hubert 

WILson, John Fyfe 

Woop, Harold Simpson 
Woop, Stanley 


Harvey, Ian George, B.SC.(ENG.) 
Haxsy, John Trevor 

Hay, Henry Cyril 

HILLBECK, Thomas 

Hote, Bernard Gerard 

Hooper, Godfrey Field 
HUTCHINGS, Roderick 
IBBETSON, Eric Raymond 
JACKSON, Wesley 

JANDRELL, John Anthony 
JEFFREYS, Dewi Aled, B.Sc. 
JENNINGS, David Michael, B.SC.(ENG) 
JOHNSTON, Gordon Hourston, B.s¢, 
JONES, William Robert 
KATHURIA, Tej Sarup Singh 
KING, Peter Edmund 

KINGDON, Frank Clifford 
KOSHAL, Jagan Nath 

LATIMER, Antony John 
LAWSON, Thomas 

LENNON, George Raymond 
LEIGH, Michael Charles 
LEONARD, William Reginald 
LittrLer, Graham Esmonde, B.8, 
LINNELL, Barry Cyril 

Lioyp, Jack 

Lomax, Ronald William 

LONG, Roger Clement 
LONSDALE, James Peter 
McCarrery, John 

McCartny, Donald Thomas 
McLAUGHLIN, Mark 
MACKINDER, Charles Aubrey 
MALIN, Sidney 

MAnescul, John Raymond, B.£.£. 
MANION, NEIL 

MANOOCHEHRI, Hussein Hamid 
MARKENSCOFF, Anthony, B.SC.TECH. 
MATHER, Tom 

MAUNDER, Raymond George 
MEALEY, Kevin Martin 
MICHAELIDES, Andreas Neophitou 
MIDDLETON, Rex Collett 

Mies, Dennis John 

MILLER, Leslie 

Minoprio, William Edward 
MITCHESON, George Macpherson 
Moore, Derrick Samuel 
MorGan, Glanville 

Morris, Raymond George 
Murray, Murdo, B.Sc. 

My1_es, Alexander 

Ness, John Jeffrey Everrett, B.SC. 
NIxon, Cyril Frederick 
NorMAN, Roy Alan, B.SC. 
OutxHwarte, Stephen Anthony 
Owen, John Edward 
PATERSON, Frank William 
Pease, Edward Ian 

Piper, Harry Reginald 

PosGEE, Michael John, B.SC.(ENG.) 
Pon, Ng Ek 

PowELL, Raymond Graham, B.SC. 
Price, James Allen 

PuGsLey, Donald John Davey 
Ra.pu, Stanley Thomas 
Rosinson, David Arthur Hall 
Roope, Robert Watson 
ROWLANDS, Alan Nichols 
RYAN, Anthony 

SANDERS, Brian Charles 
SAVAGE, Eric George 

SAWICKI, Bronislaw, B.SC.(ENG.) 
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Graduates (contd.) 


sepp0n, Brian Ross, B.SC. 
geweLL, Allan George 

guoLt, Robin Godfrey James Richard 
sucocks, Eric John 

smpKINs, Leonard Frederick 
smpson, Kenneth 

suru, Geoffrey Frederick, B.Sc. 
suarH, John Victor 

souLy, John McCafferty 
Spray, Kenneth Percival 
§pREADBURY, Robert James 
gree, John George 

Srose, Thomas Alexander 
sroxes, David Jesse 

§roxes, Edward Lennard 
Storr, Robert Alan 

§rroNG, Robert Brown 
SuMNER, Frank Ernest 
TayLor, Alexander George 
TayYLor, Stanley 

THOMPSON, Conrad 

THOMPSON, William, B.SC. 
Tomic, Ivan 

Tout, Gerald David 

TowELL, Brian William 
Townes, Aubrey Smith 
TOWNSLEY, Harry 


Students 


ABRAMSON, Joel Joseph 

Appy, Shenton Thomas Antie 

ALLAN, Andrew Garth 

AYLING, Stanley Gerald 

BakeR, Anthony Stuart 

Baker, Philip Davall 

BeEsTON, Robert 

BircH, David Philip 

BisHopPp, Michael Thomas Albert 

BuGHT, Roger Stanley 

Bonny, John Macartney 

Bover, Frank Christopher 

BowSHER, Brian David 

Boyce, Kenneth Ronald 

BRIERLEY, Peter 

Briccs, David 

BroaDway, Alexander Richard 
William 

Burpett, Graham Peter 

Burrows, Alan 

Byne, Hugh Trevor Whittingham 

CALLIGAN, Kenneth Frederick 

Carey, David John 

CARPENTER, Reginald Peter 

CHAPMAN, John 

Cun, Tuck Chuen 

CLELAND, John Terence 

CurHEROog, Anthony John Collett 

Cocks, John Crossley 

Cote, Ernest Valentine 

Cotyer, Ronald Edgar 

Copret, Stanley John 

Cross, John Frederick William 

CULLINGFORD, Michael Charles 

Date, John Stanley 

DALTON, Barry 

DaLTon, Christopher John 

Davey, John Charles 

Davis, Brian 

Davis, Roger Alan 

Day, Harold Michael Chapman 

Dennis, Brian John 

Dewson, Robert William 

DickINson, John Murray 

Dove, Alan 

Drake, John Malcolm 

» Derek Dinsdale 

Durton, Geoffrey 

EDIRISINGHE, Don Francis 

EDMUNDS, Martin John 

E.us, John Graham 

FisHer, Brian George 

ForEMAN, Peter Henry 

FRANKLIN, John Henry 

FRENCH, Collier 

FULLER, Peter William Waters 

GarG, Suresh Chandra 

ARRETT, Arthur Edwin 

Gee, Lawrence Frederick 

Alan Michael Reginald 
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TRAuB, Paul, B.SC.(ENG.) 
TUCKWELL, Kenneth Stanley 
TUNNAH, Dennis 

VerTcu, Robert Thalon 
WapswortTH, Bernard Francis Peter 
WALLACE, Kurt Frederick 
WALTON, Albert Leslie 
WALTON, Anthony, B.ENG. 
WARD, James Edward, B.sc. 
WARING, Thomas Allan 
Warner, John William Sidney 
WATKINS, Kenneth Harvey 
WATSON, Alan, B.SC. 
Watson, William Raymond 
WELCH, Ronald James 
WETHERALL, Bryan Geoffrey 
WHITTAKER, Albert Edward 
Wiuiams, Gordon 
WILLIAMS, Henry Arthur 
WILLIAMS, William 
WILuiaMs, William Luther 
WILLIs, Charles Stanley 
WoopsripceE, Henry Robert 
Woo tcar, David Allan 
Wyner, Frank 

ZARZYCKI, Janusz, M.SC. 


Gorpon, George Michael Winston 

Grecory, Douglas Albert, B.sc. 

GRISEDALE, Alfred Catto 

Guest, Peter David 

HaGue, Gordon Derek 

HARLEY, Roland Lee 

Harris, Keith Dillon, B.sc. 

Harris, Martyn Rutherford 

HAwkIns, Geoffrey John 

HEASELDEN, Barry 

HEASMAN, Brian 

HEEIs, James Baxendale Guthrie 

Heins, Hans Adriaan 

Hext, George Ronald, B.A. 

Ho, Lye Hon 

Hoare, Ernest 

Hosss, James William 

Homes, Robert Thompson 

Husain, John Conrad 

JACKSON, William Barry 

Jones, Daniel Orbryn 

Jones, Daniel Philip, B.sc. 

KALANI, Prem Swarup, B.E. 

Kapp, John Gisbert 

Kye, Trevor Liam McClintock 

Lain, Richard Neville 

LANSDOWN, Peter Willcox 

Lawton, Charles Roger 

LeiGH, Ashley Paul 

Lewis, Rhys 

Lewis, Vernon John, B.sc. 

LipGey, Stephen Matthew Ivan 

LiTTLeFIELD, George Frederick 
William 

Lustep, Alan Rodney 

Lyons, Michael Arthur, B.sc. 

McCorMack, Niall David 

McDermott, Edward William 

McInnes, Peter Alec 

MALONEY, Terence 

MartTIN, Richard Anthony 

Martuur, Hareshwar Saran, B.Sc. 

MIDDLETON, Christopher Fred 

MorGAN, Paul Sinclair 

Mutr, Wallace William 

Murray, Brian Alexander 

MyrinG, Graeme John 

NaTH, Ranganatham Kailas 

NEAL, Geoffrey Frederick 

NEWLAND, David Edward 

Orriss, John 

O’SHEA, Thomas Gerard Augustine 

ParKER, Alfred Bruce 

PAWLING, John Francis, B.SC. 

PeGLeR, John Mark 

PENNELL, Antony William Peter 

Penny, Michael James 

PONTON, Laurence Edward 

Porter, Stuart Victor 

PowELL, Ronald Edney 


Students (contd.) 


PrigstLey, George 

PuLLAR, Harry 

REARDON, Bernard Charles 
REUTENS, Adrian 
ROBERTSON, John Alistair 
Rosson, Michael Glen 
Rose, Peter Simon 

Ross, Iain 

Routh, Llewelyn Gordon Spencer 
RUTLAND, Sydney John 
Rutter, Thomas Clifford 
SapIQ, Mohammed, B.A., B.SC.(ENG.) 
SAMUEL, Brian James 
Sarab, Anil Devraj, B.sc. 
SAUNDERS, Brian Peter 
Sawyer, Christopher Barry 
Scott, James 

SEAGER, Arthur Ernest 
Se_sy, Gordon Rainton 
Simm, Keith James, B.sc. 
SINGLETON, Michael Peter 
SmitrH, Geoffrey 

SmitH, Robin Michael 
SmitH, Vernon Robert 
SOLARIN, Michael Bolarinwa 
SPRING, Neil Frederick 


TRANSFERS 


Associate Member to Member 


ALLPpRESS, Hugh Stennett 

ANSCOMBE, Hedley Jesse Ebenezer 

BalLey, Major Albert Ernest 

BARLOw, Stuart Lansdale Monteagle 

BEANLAND, Arthur John, B.SC.TECH. 

Beattie, Malcolm Hamilton 

BRADLEY, Thomas Henry 

Bray, Victor Henry 

BUCKLEY, Eric 

BuTTOLPH, Alan Henry, B.SC.(ENG.) 

CAMPBELL, Archibald Hugh, M.A. 

CHIPPERFIELD, Victor James, B.SC. 
(ENG.) 

CrarK, David Alexander Smith 

CorByYNn, David Benjamin, B.SC.(ENG.) 

CorMACK, William, B.SC.(ENG.), 
D.SC.(ENG.) 

Corson, Major Geoffrey Jameson 

DANNATT, Frank Cedric, 0.B.E. 

Darsy, William Ernest 

Davie, Owen Hosmer 

Davies, Leslie Howard, B.sc. 

Dawson, Maurice Woodhouse 

Drake, Frank Albert 

DUNHILL, Cmdr. Anthony 

E.iott, Noel, B.sc. 

FreLDEN, John Ernest, M.SC. TECH. 

Fossrooke, Leonard Arthur Ellis, 
B.SC.(ENG.) 

Fraser, Ian Stewart, B.Sc. 

Guose, Stanley Charles, PH.D., D.SC. 

Grass, Claude Gerald 

Gororb, Ronald 

GoopMan, Cmdr. Emile William, 
M.A., R.N. 

GrReESSWELL, William Finlay 

Grove, Capt. David Stevenson, R.E. 

Gu atl, Bhishamji, B.A., M.SC. 

Harris, Kennyth Ernest 

HASSAN, Masud 

Howarp, Alan 

HusBanps, Arthur Stephen, 
B.SC.(ENG.) 

ISTERLING, Jasper 

Jenkins, John William 

JouNSON, Harold Robert, B.sc. 


Associate to Associate Member 


ATHERTON, William Stanley 

Brown, Albert, B.Sc. 

COLLINSON, Thomas 

HALL, Alan George Moir 

Humpnrey, Cyril 

MARTINDALE, James Patrick Alexander, 
B.A., B.SC. . 


Steer, Derek Arthur Whiddon 
Stott, Colin 

STRONG, Edward 

Tan, Eit Hye 

TayLor, Antony Ronald 

Tay or, Derek John 

THaM, Seng Kit 

Wapy, Philip John 

WaARFORD, Stuart Harold 
Warkins, Brian John 

Watts, Charles Lyle 

Way, Brian John 
WHEELWRIGHT, Aifred Gordon 
Wut, William Anthony Thomas 
WILsurNn, Colin Douglas 
Wi.cox, Frederick George 
WILD, Peter Witham 
WILLIAMS, Ivor Keith 
Wixuiams, Roger Lloyd 
WILLIAMSON, Alan Charles 
Wi:son, Alan 

Wison, Joseph Eric 
WimsusH, George Anthony 
Wrirney, Alan Frederick 
Woopsurn, David Kerr 
Woopwarp-Nutrt, Peter James 


JOHNSTON, Campbell Stanley, M.B.E., 
T.D. 

Jones, Reginald Hargreaves 

Kern, Charles James, M.A. 

KENNEDY, William Denis, B.SC.TECH. 

Lakin, Ralph Thornton 

LANDERS, Marshall Arthur Britten 

McDOonaLp, Fergus Gilbert, B.sc. 
(ENG.) 

McILHAGGER, David Sherwood, 
M.SC., PH.D. 

MACLAREN, David Muir 

McLeop, Donald, B.sC.(ENG.) 

Marrra, Krishna Chandra, B.SC., 
M.SC. 

Mo eg, John Henry, B.SC.(ENG.), PH.D. 

Parks, George Henry, B.Sc. 

PEARSON, Eric Bell, M.Sc. 

PreesLes, George James 

Petcu, Thomas Hayes, M.A. 

PICKERING, Ernest Roy, B.SC. 

Post, Capt. Simon Edward, 0.B.E., R.N. 

Price, Ronald Hartley 

Pye, Bernard Charles 

RAYBOULD, Sidney 

ROBERTSON, William Chalmers, B.sc. 

ScCHUNKER, Charles Victor 

SHEPHERD, Leslie, B.SC.(ENG.) 

Smit, Noel Percy, B.SC.(ENG.) 

Smitn, Geoffrey Howard Leslie, 
B.SC.(ENG.) 

SmirH, Walter William, B.sc. 

Srever, Cmdr. Henryk, DIPL.ING. 

STIRLING, William Mackenzie 

TATCHELL, James Albert, B.SC.(ENG.) 

Tuomas, David John 

Top.iey, Harry 

Trirritt, Leslie Arnold, B.Sc. 

Us, Arthur Henry 

WaADHWANI, Professor Pokardas 
Chubardas, B.SC.(ENG.) 

Weir, Donald Adams 

Witcox, Thomas Webster 

WILuiaMs, Aubrey 

Wixuiams, Capt. John Alan, M.ENG. 

Yates, Andrew Vavasour Scott 


PriGrim, Lt.-Cmdr. Kenneth Arthur 
William 

Prince, Lt.-Col. Harold 

Youna, Lt.-Cmdr. John Robert, 
M.A., R.N. 
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Graduate to Associate Member 


Acock, Reginald Henry, B.sc. 
ALEXANDER, Francis Spencer 
ALLEN, Dennis Broughton, B.Sc. 
ALLEN, Gordon Stanley James 
ALLEN, Robin Edgar 
ALLISON, John Spencer, M.A. 
ANDERSON, Gabriel 
ANDREWS, George Victor 
Autry, Eric 
BALE, Donald Montague 
Barser, Donald Robert, B.sC.(ENG.) 
BarBer, Lewis Samuel 
Batcu, Allan 
BATTING, Frank Merlin, M.A. 
BayLey, Harry 
Beare, Alan James, PH.D., B.SC. 
BELCHER, John 
Bett, Lindsay Gordon, B.£., B.SC. 
BENNETT, Peter Holscher 
BENNETT, Raymond Wordsworth, 
B.SC.(ENG.) 
Buacwat, Balkrishna Shankar, 
B.SC.(ENG.) 
BisHop, Thomas Lancelot 
BLANCHARD, Christopher Hugh, 
B.SC.(ENG.) 
Boor, John Eric 
BLount, John Derek 
Boot, Stanley, 8.SC.(ENG.) 
BRADSELL, Peter, B.SC. 
BRAND, Leonard George, B.SC.(ENG.) 
Brazier, Albert Henry 
Brooks, Ernest John 
Brown, Derrick Charles, B.SC.(ENG.) 
Brown, Jack Edward 
Brown, John Gomersall 
Brown, Peter Thomas Pullein, 
B.SC.(ENG.) 
Brown, Stanley George 
Brown, Thomas Murdoch 
BRown-Greaves, Michael de Bower 
BuCcKLE, Richard Charles 
BULL, Peter Richard 
Burrows, Ronald 
BuTLer, Gordon Morley 
ByczyYnskI, Antoni Zdzislaw 
CAMPBELL, Michael Alexander, B.Sc. 
(ENG.) 
CARROLL, Trevor 
Carson, Oliver Samuel, B.sc. 
Carter, Neville John 
CHANDLER, Maurice William John 
CHAPPELL, Laurence Arthur 
CuHETWwoop, David Hugh, B.sc. 
CHOWDHURI, Pritindra, M.SC., M.S. 
Curisti£, John Cubie, B.sc. 
CuurRCH, Lawrence Henry 
CLARKE, Leslie 
CLAYDON, Douglas James, B.sc.(ENG.) 
CLAYTON, Arnold, B.Sc. 
CLAYTON, Lionel Hubert William 
CLELAND, Alan Dalrymple 
CLENNETT, Charles Matthew 
Cust, Richard Mark, B.sc.(ENG.) 
CLose, William Edwin 


CosLey, Kenneth George Alwyn, B.sc. 


COCKING, William Warren, B.Sc.(ENG.) 

Cote, Richard Stanley Linter, B.sc. 

Cou.ter, Ian Leslie, B.sc.(ENG.) 

CoLson, Tudor Alan 

Corner, Philip, B.sc.(ENG.) 

Corr, Brian 

CORSCADDEN, Roy 

COTTERELL, William John, B.sC.(ENG.) 

Corton, Lt.-Cmdr. Robert Ernest, 
B.SC., R.N. 

Cousins, Norman James 

Cox, John Edgar, B.sc.(ENG.) 

Cralc, Eric Ramsay, B.SC.(ENG.) 

CRAWFORD, Lewis 

CRINSON, Alan 

Crort, Robert Alan, M.A. 

Cross, Alan Gillin, B.Sc. TECH. 

Cross, Oliver Gordon, B.SC.(ENG.) 

Cross, Roland William 

CUMMING, John Fettes 

CUNNINGHAM, Peter 

Dac ey, Edgar Edward, B.e. 

Davies, Allan Rixon 

Dawson, Kenneth, B.£. 
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Dean, Royce Graham 

DePLepGE, Michael Richard, B.sc. 
(ENG.) 

Dobie, William Cresswell 

Dopp, Peter, B.SC.(ENG.) 

Dow, Alastair Buchanan 

Downina, Brian Thomas, B.SC. 

DRINKWATER, Robert Walter, B.Sc. 
(ENG.) 

Duct, William Lawrence, B.SC.TECH. 

Dupman, Edward Charles 

DuGpDALe, Brian Clifton, B.SC.TECH. 

Duncan, John 

Dunn, Peter Douglas, B.sc. 

Duruas, Alan Francis 

EasTe.t, John Eric 

EasTMAN, Neville, B.Sc. 

Eastwoop, William Townsend, B.Sc. 
TECH. 

Epe, Dennis Ronald 

E.uiott, Kenneth Gilbert 

E.uis, William Edwin, 8.sC.(ENG.) 

ETCHELLS, Philip 

ETHERINGTON, Harry James Charles 

Ew tes, George Henry 

FARQUHAR, Robert Forbes, B.Sc. 

FERGUSON, Stuart Grantleigh 

Fews, James Henry 

FIELDEN, Derek John 

FisHEeR, John Albert 

FIsHER, John Partington, B.SC.(ENG.) 

Fitter, Harold Josiah 

FITZPATRICK, James 

Fona, Soon Heng 

Forp, John Henry 

Forp, William John 

Foster, Anthony 

Fou.kes, Keith Jackson 

Frew, Norman John, B.SC., B.E. 

Futier, Gordon Frank 

FUNKE, Herbert 

Furse, David John 

GALES, Richard Thomas, B.sc.(ENG.) 

GAMBLE, Robert John, B.SC.TECH. 

GANDY, Robert William 

Garpe, Christopher John 

GaARNHAM, Fit.-Lt. Albert Henry 
William 

GarTHWAITE, Eric, B.SC. 

GaSKING, Alan James Francis, B.Sc. 
(ENG.) 

GavriLovic, Aleksa, B.Sc. 

Gisson, James Daniel Sutherland, 
B.SC. 

Gitmore, Richard McCrae 

GopDaARD, John Victor 

GoopripcE, Cyrus Nariman, B.Sc. 
(ENG.) 

Gorst, Capt. George, R.E.M.E. 

Goswaml, Roshan Lall N. 

Gouce, Arthur Aldersley 

GranaM, Ronald Edgar 

GREENWAY, Harold Desmond 

GrimsHAw, Fred 

GrimsHaw, Kenneth Percy, B.SC.(ENG.) 

GutrteripcE, Reginald Alan, B.sc. 
(ENG.) 

Happock, John Morris 

HaiGu, John Charles Digby, B.sc. 

HA e, Anthony Peter 

HALTON, Donald, B.sc. 

HAMEL, Derek Paul Marius 

HAMPTON, Frederick Cyril 

HARDMAN, Neville Keith, B.SC.TECH. 

HArTLey, Noel James, B.£. 

HAVRANEK, William Alfred 

HAyYDEN-P1GG, Godfrey Edmund 

Hayes, Raymond 

HEARD, Jeffery Gerald, B.sc. 

HEARNE, Geoffrey Brian 

HEMPHILL, John Edward, B.ENG. 

HENMAN, Cecil Bourne 

HENRICK, Ernest John 

Hewer, William Henry 

HEYMAN, Stefan Jerzy 

Hicxmortr, Peter Alfred, B.sc.(ENG.) 

HINDLE, Harold, B.sCc.TECH. 

Hopee, Philip Ben 

Hopces, Arthur Michael Mann, 
B.SC.(ENG.) 


Graduate to Associate Member (contd.) 


HOLpswortTH, Robert Robinson 

HOLLAND, Maurice 

HOLLINGWoRTH, Benjamin 

Howes, Leslie 

Hoop, Eric Herbert 

Hooker, Albert Stanley 

Hosier, Peter Bertram 

HOsKEN, Albert Frederick 

House, Harry, PH.D., B.SC.(ENG.) 

HowE LL, Willard 

Howlrt, Henry, B.SC. TECH. 

Humpuris, Donald Sydney, B.SC.(ENG.) 

Hunt, William Charles 

HUNTER, James Alexander Grant 

Hurst, Peter John, B.sc. 

HUuSBANDS, Francis 

HUTCHINSON, Joseph 

INGHAM, Percy 

INNS, John Michael Henry 

JACKSON, Dennis Victor, M.A. 

JACKSON, James 

JAMIESON, David 

JEWELL, David Seymour, B.SC.(ENG.) 

JOHNSTON, David Broadbent, B.sc. 
(ENG.) 

JOHNSTON, James 

JOHNSTONE, Roderick Musgrave, 
B.SC.(ENG.) 

Jones, Alec John, B.SC.(ENG.) 

Jones, Dewi Wyn, B,SC.(ENG.) 

JONES, Frederick Charles 

Jones, Idwal Owen 

Jones, Norman John, B.SC.(ENG.) 

Joyce, Frederick Owen 

JULIAN, Kenneth Leslie 

KENNARD, Leslie James 

Kerr, Leonard Clapperton 

KEWARTH, Donald Richard 

Kirk, [vor Osborne 

Kiscu, Frank David Leeson, B.sc. 
(ENG.) 

Knipe, William 

Krause, Anthony Victor de Vere 

KRrRZyYCZKOwWSKI, Roman, B.SC.(ENG.) 

KULATHU, Tiruppudaimarudur 
Chellamayyar, B.A. 

Lavers, John Desmond Victor 

LepGer, Stanley Charles 

Lee, John Allan, B.SC.(ENG.) 

LEEDHAM, Rex Victor, B.SC.TECH. 

LEONARD, Arnold Alwin 

LEONARD, Jack 

Lewis, Leslie 

Lewis, Peter, DIPL.ING. 

Lioyp, Richard Douglas, M.A. 

LONGMAN, Albert Denis, B.SC.(ENG.) 

Lynn, John 

McAu_ItFFe, Gerard, B.A., M.SC. 

McCuLLocu, John Arnott 

McCuTcuEon, Ian Alexander 

McEwan, Alan Owen, B.SC.(ENG.) 

McINTosH, George, B.SC. 

MACKRAEL, Thomas ‘ 

MacLeop, Ian Alisdair Mackay 

MCNAULL, John, B.SC.(ENG.) 

McRae, Peter Murray, B.E. 

MCSPARRON, James Andrew 

MADENSKI, Edmund Antoni, B.SC. 

MADIGAN, Henry 

Marriott, Hugh Frampton, B.Sc. 
(ENG.) 

MARSHALL, Thomas 

MartTIN, Jean Andre Pierre 

Mason, Norman Arthur Charles 

Masterson, Gregory Earle, B.ENG., 
M.SC. 

MATTHEWSON, George Milburne 

MEECHAN, Gerard, B.SC. 

MENON, Ayappan Pillai Madangopal 
B.E., M.SC.(ENG.) 

Mipp.emass, Gerald Robson 

MI_es, James George. B.SC.(ENG.) 

MILER, Robert Graham 

Miits, Edward Herbert, B.SC.(ENG.) 

MITCHELL, James Durno, B.SC.(ENG.) 

Mitra, Bijan Bihari, B.sc. 

Moser.y, Michael George 

Monro, Gordon Urmston 

Moon, Frank 

Moore, Arthur Austin, B.ENG. 


Moore, Leonard 

Moore, Lt.-Cmdr. Stanley William, 
R.N. 

Mor ey, Mrs. Dorothy Irene 

Morris, John Denis 

Morrison, John Gordon 

Morrison-Low, Sir James Richard, 
Bart. 

Moss, Herbert 

Murpny, William Patrick, B.SC.(ENG,) 

Murty, Capt. Pillalamarri Venkata 
Rama, B.Sc. 

Naren, David 

NaAsH-Davis, Dennis Gordon 

NecGus, Reginald Edward 

Nevitt, John Allen, 8.SC.TECH. 

NEWELL, Eric, B.SC.(ENG.) 

Newson, Frank Leslie 

NEwTON, Frank Allan, B.sc. 

NICHOLLS, Jack 

NICHOLLS, Samuel George, B.sc. 

NICHOLSON, Harold, M.ENG. 

NIvEN, William 

Nunn, Ronald George Walter 

O’CONNELL, Kevin John 

ODELL, Kenneth Malcolm, B.sc.(ENG.) 

OrrorD, Roland Ernest George, B.Sc, 

O’REILLY, Charles Hugh, B.k, 

Orpe, Ivor William 

Osporn, Neville Albert 

Ottaway, Christopher Hope, B.sc. 
(ENG.) 

OweEN, William George Sidney 

Owens, Neil Beeby 

PaINnE, Donald William Harley 

PAINTER, James Yule 

PALMER, Edgar Saunders, B.SC.(ENG.) 

PEARSON, James, M.A. 

PecketT, Charles Hubert 

PITCHFORD, Maurice Lansbury, B.s¢. 
(ENG.) 

PLEVIN, Dennis Haydn 

PoLL, Walter Edwin 

PREVEDOROS, Demetrius, B.SC. 

Proctor, Leslie Wilfred 

PUNCHER, George Horace 

RAINGER, Philip Edward 

RANKINE, Ludovic John, B.SC.(ENG.) 

RATCLIFFE, Jack Peter 

RATCLIFFE, John Anthony, B.SC. 

RAWLINGS, Reginald Jonothan 

READ, John Robert Lewis, B.A. 

Rees, Robert Hugh, B.sc.(ENG.) 

Remrry, John Guy 

REYNOLDS, Peter John, B.SC.(ENG.) 

Rice, Douglas Henry 

RICHARDS, Kenneth Owen, B.Sc. 

RICHARDSON, Sydney Douglas, B.SC. 
(ENG.) 

Ricketts, Clifford Edwin, B.sC.(ENG.) 

RICKLESsS, Barnett 

Rossins, Alan 

Roserts, John, B.SC.(ENG.) 

RoBINSON, Geoffrey Hackett, B.£. 

Rosson, John Errington, B.Sc. 

ROoLLo, David Robert, B.sc. 

Ross, William Allan Weir 

ROTHERY, Philip James, B.Sc. 

ROTHWELL, Herbert Lees i 

Roy, Kshiti Mohon, B.sc., M.SC.(ENG.) 

RUSSELL, Kenneth Cuthbertson 

SATCHELL, Edward William John 

SAUNDERS, Denis Ingleton 

SavaGE, Dennis Brian, B.Sc. 

SAWARD, Peter Cole 

Sessions, Harold 

SHACKLOCK, Sydney Harcourt 

SuHarp, Harold Bremner 

SHaw, Eric 

SiELEwicz, Wladyslaw 

SikDAR, Ranjit Kumar, M.Sc. 

SINGH, Kirpal 

SLATER, Herbert James 

SLATER, Kenneth Frederick, 8.SC.TECH. 

SmitH, Clifford Ronald 

SmirH, Thomas Ian Macdonald, B.SC. 

SorAER, Ellis 

SOMERVILLE, John 

STAFFORD, Ronald Derrick 

STEVENS, William James 
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Graduate to Associate Member (contd.) Student to Graduate 
STEVENSON, Douglas Wane, John Antony, B.SC.(ENG.) AHLUWALIA, Surendra Singh, B.sc. Fou.ps, Herbert Hyndman 
William, grurcess, James William, B.SC.,M.SC., _ WAINWRIGHT, Lewis Frederick, B.SC. — 3 Paul Singh a Bowe Malcolm 
(ENG.) TKINSON, Norman, B.SC. L, Thomas David, B.sc. 
om, Eric Leonard WALL, Ronald John Lucas BaGce, Francis Gerard Hanscoms, Anthony John 
x: guuuivaN, John Arthur Warp, Lionel John on Freak Hugh, B.SC. Hanpino, Roland 
Summers, Dennis ae Calkin en ae wg — sees a - ona ter . emery Derek Edward 
Denis Garfie! ATSON, Robert John . in, B.SC.(ENG. » Eric 
Ri pesca Watts, Victor John Beesy, Peter Daniel Ho.royp, Frank Martyn 
1wSER, William Harry WELCH, Geoffrey Brian BENNELL, Michael Richard, B.sc.(ENG.) Hupson, Roy 
TaRLTON, Herbert West, Kenneth Berry, Anthony Edward, B.sc.(ENG.) JEFFERIES, David George 
BSC(ENG.) | t,yor, Frederick Charles WHEELE, Douglas Walter Edmund Berry, John William, B.sc.(ENG.) Jones, John Ronald 
| Venkata | r,vior, Hed, B.ENG. Lacan Peter aa, oe? eer Sg B.SC. as — pn B.SC.(ENG.) 
TEALE, A’ HITE, George Edmund, B.sc.(ENG. ’ A 
Tuomas, Arial Myfyr, B.Sc. Wuirte, George Ernest James ° BILLINGTON, William Frank, B.ENG. LANGTON, Kenneth Joseph 
: od neces) aan Sean, Garces Soueaeeaaes 
Tuomas, Eric Howard, B.SC.(ENG. IFFEN, il Sidney ’ : . 
H. Tuomas, Paul Alexander Vivian, B.SC. WILD, Jack, B.SC.TECH. ay —e Frederick Macario, Raymond Charles Vincent, 
ENG.) Wizes, John Ronald YD, John Stuart B.SC., PH.D. 
an Ronald, B.sCc.(ENG.) WILLIAMSON, Elijah Brook, Alfred William, B.sc. TECH. McKuvop, Shaun McKenzie, B.sc. 
ToMLINSON, Eric WILLIAMSON, Robert Brown, Paul Julian Douglas MAIDMENT, Cyril Ernest 
Tuckey, Lawrence Clifford WILSON, James Buraess, John Michael, B.sc.(ENG.) MARKHAM, Cyril, B.SC.TECH. 
SC, TruEMAN, Henry Charles, B.Sc. Wison-DuTTOoN, Leslie Cyril BurRRELL, Michael Peter John MatrTos, Francis 
Tuckey, Cyril Winpows, Clifford Edgar CagESAR, Maximilian Vespasian Ofotsu, Misom, Ernest James 
Tutk, John Frederick Winssury, George Jerome B.SC., B.SC.(ENG.) Nosss, Kenneth Harry 
nl TuNstaLL, Charles Henry, B.sc.(ENG.) Woops, Hugh Andrew, B.SC., M.SC. Carey, Peter Majendie O.pHaM, Dennis Anthony Victor 
Tyter, John Brian Woopwarb, Jack Lionel, M.A.SC., B.E. Carr, James : PARKINS, Royston Alfred 
SC.(ENG.) | Ty:er, Peter, B.SC.(ENG.) Woosey, Arthur Ronald CasteL, Brian Dennis, B.sc. PARKINSON, John Bryan 
ree, BSC. | Vers, Donald Eric Wray, Robert Frederick CHANT, Michael John PERALTA, Rodger Vincent 
° VincenT, Savariraju Joseph Yates, Cyril George CHAPMAN, John Arthur PoLDING, Roland James 
VonBeRG, Derek Daniel, B.sC.(ENG.) Yates, John Desmond, B.sc. CHAPPLE, Keith PoynTER, Roy Alfred 
CHILD, David John, B.sc.(ENG.) Price, Howard James 
» B.SC. Cuu, Albert Chien-Dean Roserts, Eli 
CrarK, Robert Louis SAWHNEY, Devindra Nath, B.A. 
y CLARKE, George David ScowEN, Michael 
Student to Associate Member Couseck, John Stanley, B.sC.(ENG.) SHEPHERD, Robert Morgan 
y 4 3 Couns, Brian Peter SponG, Henry Lloyd 
Awoock, Reginald Leslie James, Jenne, Herman Joel, B.SC.(ENG.) Cotvin, Robert Charles STEPHENSON, Lawrence Michael, 
>.(ENG.) B.SC. LAMBETH, Peter John, B.SC.(ENG.) Coops, John Derek B.SC.(ENG.) 
BARTON, Peter Herbert, B.SC.(ENG.) Moxon, Raymond Trevor, B.SC.(ENG.) Cooper, Michael Victor Ley Stewart, Jeremy Ian 
Greenup, Harold Railton Owen, Cecil Crosser, David George Weir, B.SC. STOCKWELL, Roger John, B.sc.(ENG.) 
y, B.SC, Grove, John Scott, B.sc. QUARRINGTON, John Arthur (ENG.) Tay.or, James Edward 
HamPTON, Raymond Bryce, B.SC. RICHARDS, David Llewelyn CULLEN, Michael Tay.or, Peter Alfred 
HATTANGADI, Anant Annaji, B.B. VAN Wyk, Jan Daniel Naude, B.sc. Daves, Brian Rhys, B.Sc. Tuomas, William Mervyn 
HusBAND, Major John Sharpe, (ENG.) Din, John Gulam TuursTON, Bryan Oliver 
RUE. Do unc, Ronald Harry WALKER, Edwin James, B.SC.(ENG.) 
Draper, John Arthur WALKER, Kevin 
Dyke, George Alan WAL ter, Brian Horace 
, Ears, John Crawford, B.sC.(ENG.) Weston, Bryan Henry 
ENG.) . EastauGu, John Herbert WILKINSON, Derek, B.SC.(ENG.) 
Sudent to Associate Eato, Alwyn WinrtELp, John Roger 
Cc. STANLEY, Joseph Francis FERNYHOUGH, Morris WoopwarbD, Ian Reginald 
2 
Le 
) 
NG.) 
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J B.SC. . s . 
A 
Ri British Nuclear Energy Conference: Forthcoming Programme 
v APRIL 2 Tuesday MAY 1 Wednesday 
A meeting sponsored by The Institution of Chemical A half-day discussion on the Metallurgy of Niobium, 
Engineers will be held at the Royal Institution, 21 Albe- sponsored by The Institute of Metals, will be held at 
marle Street, London, W.1, at 5.30 p.m. (tea at 5 p.m.). Church House, Westminster, at 10 a.m. The following 
pers! The following paper will be presented and discussed: papers will be presented and discussed: 
THE DEVELOPMENT OF NIOBIUM A. B. McIntosh 
no THE AQUEOUS HOMOGENEOUS REACTOR R. Hurst, G.M., M.SC., sae: 
PH.D., I. Wells, M.sc., and D. Newby, B.SC.(ENG.). THE PURIFICATION OF NIOBIUM BY SINTERING W. G. O Driscoll 
and G. L. Miller 
The paper reviews the historical development of the homo- THE PRODUCTION AND FABRICATION OF MASSIVE NIOBIUM METAL 
geneous reactor in which the fissile and fertile materials are used as L. R. Williams 
solutions or suspensions in light or heavy water. After discussing a5 Oh 
the small research reactors (‘water boilers’) used as neutron sources, THE PHYSICAL AND MECHANICAL PROPERTIES OF NIOBIUM 
the authors consider the homogeneous reactor experiment and the C. R. Tottle. 
homogeneous reactor test at the Oak Ridge National Laboratory, 
: < THE MELTING POINT OF NIOBIUM _T. H. Schofield. 
ome Tennessee. A design study of a 100 MW breeder reactor is then . . 3 é 
given in some detail, in order to show the kind of system which is All these papers will be printed before the Ist May in the Journal 
,nsc. | being developed, and to indicate the types of problem which remain of The Institute of Metals. 





0 be solved if this reactor is to fulfil its potential promise of low- 
cost power. Alternative systems (convertor and burner reactors) 
are also discussed. 


Inquiries about the British Nuclear Energy Conference should be 
addressed to its Secretary at 1-7 Great George Street, London, S.W.1. 
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Forthcoming Events 
at Savoy Place 


All meetings are held at Savoy Place, beginning at 5.30 p.m. 
(tea at 5 p.m.), except where otherwise stated. The nature of 
the meeting is indicated by the following key: 


EDUCATION DISCUSSION CIRCLE 

INFORMAL 

MEASUREMENT AND CONTROL SECTION 
ORDINARY 

RADIO AND TELECOMMUNICATION SECTION 
SUPPLY SECTION 

UTILIZATION SECTION 


Car ORmmm 


After each paper that has now been published is added the 
month that a synopsis has appeared in the Journal under 
“Monographs and Papers published individually this month’, 
i.e. about the time the paper has been published as a separate. 
A paper that has not yet been published will be available at 
least ten days before the meeting at which it will be read. 


March 1957 


I 18 Monday c. RYDER will open a discussion on ‘What 
is Limiting the Application of Servo Mechanisms in 
the Electrical Industry ?’* 


Wednesday wW. C. NIXON, PH.D., and C. W. OATLEY, 
O.B.E., M.A., M.SC. Lecture on ‘Recent Developments 
in X-Ray and Electron Microscopy with some 
Applications to Radio and Electronics’ t 


Thursday 3. W. GALLOP, B.SC.(ENG.), D. D. VONBERG, 
B.SC.(ENG.), R. J. POST, W. B. POWELL, M.A., J. SHARP, 
B.SC.(ENG.), and P. J. WATERTON, B.SC.(ENG.) ‘A 
Cyclotron for Medical Research’ (Paper No. 2342 M) 
Synopsis: See p. 175 

MR 26 Tuesday K. KANDIAH, M.A., and G. B. B. CHAPLIN, 
M.SC., PH.D., will open a discussion on ‘The Per- 
formance of D.C. Amplifiers, with special reference 
to the Use of Transistors’+ 


Wednesday 3. D. HUMPHRIES, B.SC.(ENG.) ‘Earth- 
Electrode Systems for Large Electric Stations’ 
(Paper No. 2341 S) Synopsis: See p. 175 


April 1957 

R 1 Monday Informal Evening on ‘Colour Television’. 
Talks by L. C. JESTY, B.SC., and E. L. C. WHITE, 
PH.D., M.A.T 


Tuesday R. W. G. WARD, B.SC., will open a discussion 
on ‘The Teaching of Electrical Installation Subjects’ * 
(At 6 p.m., tea at 5.30 p.m.) 


Thursday G. B. B. M. SUTHERLAND, SC.D., F.R.S. The 
Forty-Eighth Kelvin Lecture on ‘Infra-Red Radia- 
tion’t 


Tuesday £. R. HARTILL, B.SC.(ENG.), J. G. MCQUEEN 
and P. N. ROBSON, B.A. ‘A Deep Electrolytic Tank for 
the Solution of 2- and 3-Dimensional Field Problems 
in Engineering’ (Paper No. 2179 M) Synopsis: 
October 1956 
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Wednesday R. T. B. WYNN, C.B.E., M.A., and B, 4 
PEACHEY “The Remote and Automatic Control of 
Semi-Attended Broadcasting Transmitters’ (Pape 
No. 2329 R) Synopsis: See p. 175 

W. J. MORCOM, B.SC.({ENG.), and D. F. BOWERS ‘The 
Design of High- and Low-Power Medium-Frequency 
Broadcasting Transmitters for Automatic and Semi. 
Attended Operation’ (Paper No. 2362 R) 


Thursday ©. BATES ‘Development of Transportable 
Thermal-Storage Space Heaters’ (Paper No. 22840) 
Synopsis: January 1957 

J. W. MOULE, B.SC.(ENG.), and W. M. STEVENSON, TD, 
‘Electrical Floor Warming’ (Paper No. 23300) 
Synopsis: See p. 175 


Monday c. C. BARNES will open a discussion on ‘The 
Future of Plastics in Power Cables’* 


M 16 Tuesday M. WATERS, B.SC., A.J. KING, D.SC.,M.SC.TECH., 
and M. KAUFMANN will open a discussion on ‘The 
Measurement of Currents in High-Voltage Circuits 


without Orthodox Current Transformers’ t 


Wednesday Ss. S. ROKOTYAN Lecture on ‘Transmission 
of Electrical Power at 400kV in the Soviet Union’ 
(To be presented in English by B. E. LEBEDEV) 


Thursday T. INGLEDOW, D.SC., R. M. FAIRFIELD, 
B.SC.(ENG.), E. L. DAVEY, B.SC.(ENG.), K. S. BRAZIER, 
B.SC.(ENG.), and J. N. GIBSON ‘138kV Submarine 
Power Cable Interconnection between the Mainland 
of British Columbia and Vancouver Island’ (Paper 


No. 2354 S) 

R 29 Monday Informal Evening on ‘Radio in Air-Sea 
Rescue’. Talks by G. W. HOSIE, D. KERR and W. 
KIRYLUKT 

May 1957 

E 6 Monday Cc. GRAD and A. DRAPER, B.SC.(ENG.) will open 


a discussion on ‘The Co-ordination of Education 
and Practical Training in Sandwich Courses” (At 
6 p.m., tea at 5.30 p.m.) 


Tuesday F. W. MEREDITH, B.A. Lecture on ‘Invention 
and Nature’{ 


* No advance information will be available and no Press report will 
be permitted. 

+ An abstract of the introduction will be available in advance. 

t No advance information will be available. 


District Meetings 


Arrangements for District Meetings in March other than 
those in the area of a Local Centre. 


March READING (At the George Hotel, 


Reading, at 7.15 p.m.) 


<ing Street, 


18 Monday R. J. HALSEY, C.M.G., B.SC.(ENG.) “The | 


Transatlantic Telephone Cable’* 


* No advance information will be available. 
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* Denotes that the publication is also in the Lending Library. The 
publications cannot be bought through The Institution; the pub- 
lishers and the prices are given only for the convenience of members. 
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BOOKS 

LANING, J. H., and BATTIN, R. H. 
Random Processes in Automatic Control* 
London, McGraw-Hill, 1956. pp. 434. 23 x 15cm. £3 15s. 

An introduction to probability and random time functions with a 
discussion of analysis and design techniques for linear control systems 
containing both constant and time-varying components. The use of 
qutomatic computing equipment for solving such problems is indicated. 
This book will be reviewed in a future issue. 


LLOYD’S REGISTER OF SHIPPING 629.12 
Rules and Regulations for the Construction and Classification of 
Steel Ships 

London, Lloyd’s Register, 1956. pp. 529. 28 x 25cm. 

Includes construction rules for electric propelling machinery and for 
electrical equipment. 


MARK, D. 
Basics of Phototubes and Photocells 
New York, Rider, 1956. pp. 128. 22 x 14cm. 25s. approx. 


A simple introduction to the basic principles, techniques and circuits 
used in applications of photocells. 


MARTON, L. (Editor) 
Advances in Electronics and Electron Physics. Vol. VIII* 


New York, Academic Press, 1956. pp. xi, 562. 23 x 15cm. 
£5 4s. 

The papers in this annual volume are on new applications and tech- 
niques of molecular beams, field emission, pulse amplitude analysis, 
electron guns and focusing for high-density electron beams, the 
electrical life of oxide-cathode receiving valves, viewing storage tubes, 
and magnetron mode transitions. 


MASON, C. R. 
The Art and Science of Protective Relaying* 


London, Chapman and Hall, 1956. pp. xiv, 410. 23 « 15cm. 
£4 16s. 

No prior knowledge is assumed in this book, which deals with American 
practice. All aspects of the subject are covered including the principles, 
characteristics, and uses of relays, and the protection of transformers, 
motors, generators and lines. There are bibliographical references to 
further reading. This book will be reviewed in a future issue. 


MICHELS, W. C. (Senior Editor) 
The International Dictionary of Physics and Electronics 
London, Macmillan, 1956. pp. xvii, 1004. 28 x 18cm. £6. 


Definitions, some with illustrations, of the principal terms used in 
classical and modern physics. Considerable thought has been given to 
the units and dimensions quoted, and an introductory section explains 
the practice adopted. Many of the entries include both a simple 
explanation and a rigorous definition. 


NEETESON, P. A. 621.396.615 

Analysis of Multivibrator Operation. The Eccles—Jordan flip-flop 

circuit* 

—_, Philips Technical Library, 1956. pp. 84. 23 x 14cm. 
s. 


A thorough analysis of the behaviour of the bistable multivibrator 
taking into account the complete trigger cycle, sensitivity, and speed 
of operation. 


621-52 


621.383 


621.38 


621.316.9 
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NEVILLE, E. H. 518.2 


The Farey Series of Order 1025. Royal Society mathematical 
tables, Vol. 1 

Cambridge, University Press, 1950. pp. xxvii, 405. 28 x 22cm. 
£5 5s. 

The Farey series F,, of order n is the ascending series of irreducible 
fractions between O and I whose denominators do not exceed n; the 
numbers 0 and I are included in the forms ~ and +. The fraction + is 
the middle term of every Farey series; if two terms are equidistant 
from this their sum is unity; they have the same denominator and 
this is the sum of the two numerators. Thus, Fs is 


NORRIE, C. M. 93 : 624 
Bridging the years. A short history of British civil engineering* 
London, Arnold, 1956. pp. 212. 22 x 14cm. 2ls. 

A book for young civil engineers who want to know something about 


the historical background of their profession. The story, covering the 
last 200 years, will, however, be of interest to a wider range of readers. 


ROSE, H. E., and WOOD, A. J. 621.359 


An Introduction to Electrostatic Precipitation in Theory and 
Practice* 

London, Constable, 1956. pp. 166. 20 x 13cm. 17s. 6d. 

Until now the theory of the subject has not been entirely satisfactory 
and design practice has been based mainly on the experience of manu- 
facturers. This book is a survey of published information and an 
attempt to rationalize the information into theory and practice. 


ROST, R., and ERNST, H. M. 621.314.7 


Kristalloden Technik. 2‘e" Auflage. Ergiinzungsheft I (Crystal valve 
techniques. 2nd ed. Supplement I) 


Berlin, Ernst, 1956. pp. 87. 21 x 14cm. 21s. 6d. 


This first supplement is concerned with high-frequency transistors, 
the first half being devoted to the characteristics and applications of 
the various types, the second consisting of precise data relating to 
transistors manufactured by specific firms. The book is well illustrated 
with diagrams and plates. 


SOUTHWELL, R. V. 539.3 


Relaxation Methods in Theoretical Physics. A continuation of the 
treatise on Relaxation Methods in Engineering Science* 

Oxford, Clarendon Press, 1956. pp. vi, 522. 24 x 15cm. 

£2 15s. 


Vol. I, published in 1946, dealt with problems involving two inde- 
pendent variables and governed by second-order equations. Vol. Il 
continues the application of relaxation methods to more difficult 
problems concerning equations of higher order than the second, 
involving three independent variables and non-linear equations. 


STURLEY, K. R. 621.396.619 
Frequency-Modulated Radio* 
London, Newnes, 1956. pp. vii, 120. 19 x 12cm. I5s. 


Explains the principles of frequency modulation in terms readily 
understandable by the practical man, whose job is to make f.m. 
receivers work. Some space is devoted to f.m. transmission using as 
examples the B.B.C. transmitters, but the main emphasis is on 
receivers and how to deal with alignment problems and the location 
of simple faults. A description is given of a combined a.m. long- and 
medium-wave range and v.h.f. f.m. receiver. 
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SCHURE, A. 621.395.645 
Inverse Feedback 
New York, Rider, 1956. pp. 48. 22 x 14cm. 7s. 


A simple explanation of the effect of supplying feedback to an ampli- 
fier. It shows how feedback may be of voltage, current or a combina- 
tion of both, how it alters the input and output impedance, and may be 


used to control gain. 621.396 
STEWART, J. L. 538.551 
Circuit Theory and Design* 


London, Chapman and Hall, 1956. pp. xiv, 480. 23 x 15cm. 
£3 16s. 


Deals with the application of pole-zero methods to the analysis and 
synthesis of networks including amplifiers and other circuits involving 
thermionic valves. The book contains examples relating to practical 
design problems. 


SUTTON, J. M. R. 537 


Magnetism and Electricity. For students in technical and secondary 
schools Vol. II 

London, English Universities Press, 1956. pp. xv, 460. 19 x 13cm. 
8s. 6d. 

Provides a basic knowledge of elementary electrical science and 
shows how the basic principles are applied covering the first year (S1) 
course for Ordinary National Certificate. Vol. I deals with magnetism, 
circuits and currents; Vol. II deals with electrostatics, electro- 
magnetic induction, the motor and alternating current. 


TUCKER, J. D., and WILKINSON, D. F. 621.396 
Radio. Vol. III 

London, English Universities Press, 1956. pp.ix,249. 19 x 13cm. 
12s. 6d. 


Covers the syllabus of Radio II of the City and Guilds Institute 
examination with questions and specimen answers. 


WEBER, E. 538.551 


Linear Transient Analysis. Vol. II. Two-terminal-pair networks. 
Transmission lines* 


London, Chapman and Hall, 1956. pp. ix, 452. 28 x 14cm. 
£4 4s. 


Gives a brief review of the Feurier and Laplace transform methods 
and shows how these can be applied to problems of transient phe- 
nomena in passive and active two-terminal-pair networks ( four-pole), 
in filters and in transmission lines. 


WEDGE, G. A. 621.316.003 
The Economics of Electrical Installation Design* 

London, Pitman, 1956. pp. viii, 312. 22 x 14cm. 45s. 

A survey of installation practice which indicates the various methods 
which may be adopted and points out the advantages to be gained from 
selecting the most suitable methods and equipment for a particular 


condition. The book refers principally to large installations. It was 
reviewed in the February issue. 





WILLHEIM, R., and WATERS, M. 621.316.9 
Neutral Grounding in High-Voltage Transmission* 

New York and London, Elsevier, 1956. pp. xviii, 669. 24 x 16cm. 
£4 10s. 


A thorough examination of the behaviour of h.v. systems under fault 
conditions is followed by chapters on the theory, design and observed 
performance of alternative methods of h.v. earthing. Particular 
attention is given to the Petersen method, and its terminology is 
clarified. There is an interesting survey of h.v. earthing practice in the 
principal countries of the world. 
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OTHER PUBLICATIONS 


ALUMINIUM UNION LIMITED 
Soldering Aluminium Cables 
London, Aluminium Union, 1956. pp. 84. 28 x 21cm. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


Proposed Recommended Guide for Making Dielectric Measurement 
in the Field 


New York, A.LE.E., Publication No. 62,1956. pp.31. 28x2Icm, 


Proposed Guide for Maintenance of Insulating Oil 
New York, A.I.E.E., Publication No. 64, 1956. pp. 20. 28x2Icm, 


Proposed Test Procedure for Thermal Evaluation of Ventilated 
Dry-Type Power and Distribution Transformers 


New York, A.I.E.E., Publication No. 65, 1956. pp.32. 28x2Icm. 


Test Procedure for Evaluation of Systems of Insulating Materials 
for Random-Wound Electric Machinery 


New York, A.I.E.E., Publication No. 510, 1956. pp. 24. 28 x21cm., 


Proposed Test Procedure for Evaluation of Systems of Insulating 
Materials for Electric Machinery Employing Form-Wound Pre 
insulated Coils 


New York, A.I.E.E., Publication No. 511, 1956. pp. 10. 28 x2lem. 


Electric Power Distribution for Industrial Plants 


2nd ed. New York, A.I.E.E., Publication No. 952, 1956. pp. 171. 
28 x21cm. 28s. 


Grounding of Industrial Power Systems 
New York, A.I.E.E., Publication No. 953, 1956. pp. 40. 28 x 21cm. 


B.B.C. ENGINEERING DIVISION 


The Application of Phase-Coherent Detection and Correlation 
Methods to Room Acoustics by C. L. S. Gilford and M. W. 
Greenway 


London, B.B.C. Engineering Division, Monograph No. 9, 1956. 
pp. 14. 28 x 22cm. 5s. 


An Automatic System for Synchronizing Sound on Quarter-inch 
Magnetic Tape with Action on 35-mm Cinematograph Film by L. H. 
Griffiths and N. W. Woodward 


London, B.B.C. Engineering Division, Monograph No. 10, 1957. 
pp. 14. 28 x 22cm. 5s. 


INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS 


Solar Eclipses and the Ionosphere edited by W. I. G. Beynon and 
G. M. Brown 


London, Pergamon Press, 1956. pp. x, 330. 25 x 19cm. £7. 


MACLEAN, D. J. H. 
Cocci Insertion Loss Design of Electric Filters 


Stanford Electronics Laboratories, Technical Report No. 2. 
Stanford, 1956. pp. 251. 28 x 21cm. 


NORTHERN ALUMINIUM COMPANY LIMITED 
Aluminium for Transmission Lines 
London, Aluminium Union, 1956. pp. 63. 28 x 21cm. 


THELANDER, T. 


Analysis of Competitive Relations between Railway Operation 
Systems. General principles and their application to electric and 
Diesel-electric traction 


Stockholm, Elektrotekniska Byran, 1956. pp. 51. 24 x 16cm. 
JOURNAL I.E.E. 
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ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 


sUMMARY OF CONTRIBUTIONS RECEIVED TO 25TH FEBRUARY 1957 


No. of 
Contributors £ s. d. 
£1000 and over 6 6000 0 0 
£100 to < £1000 30 6586 3 0 
£5 to < £100 818 8748 8 3 
£2 to < £5 1963 Sio0 ta 2 
Under £2 21296 11051 13 3 
£37741 16 8 


APPOINTMENTS AND NOMINATIONS 


BRITISH STANDARDS INSTITUTION TECHNICAL COMMITTEES: 
Punched Cards, etc., for Data Transmission (MEE[149) 


The Council have nominated Mr. R. H. Tizard, B.A., MEMBER, 
to serve as their representative on the above new Committee. 


Safety Requirements (ELE]38) 

The Council have nominated Mr. F. H. Mann, MEMBER, and 
Mr. S. L. M. Barlow, MEMBER, to serve as their representatives 
on the above Committee in place of Mr. Forbes Jackson and 
Sir Josiah Eccles, C.B.E., D.SC., PAST-PRESIDENT. 


Sub-Committee on Safety Requirements for Radio Receivers 
(TLE]2]2) 

The Council have nominated Mr. A. H. F. Linton, ASSOCIATE 
MEMBER, to serve as their representative on the above Sub- 
Committee in place of Mr. Forbes Jackson. 


Co-ordination of Technical Requirements for Domestic and 
Similar Equipment (ELE]79) 

The Council have nominated Mr. F. H. Mann, MEMBER, to 
serve as their representative on the above new Committee. 


Sub-Committee on Switches for Appliances (ELE]4]18) 


The Council have nominated Mr. S. L. M. Barlow, MEMBER, 
to serve as their representative on the above Sub-Committee. 


CODE DRAFTING COMMITTEE ON OIL FIRING INSTALLATIONS AND 
CONVERSIONS (MECP/6) 


The Council have nominated Mr. H. E. Baker, B.A., MEMBER, 
0 serve as their representative on the above Committee in 
place of Mr. C. H. Bottrell, ASSOCIATE MEMBER. 


CODE DRAFTING COMMITTEE ON LOADING OF TRANSFORMERS 
(eLcP/26) 

The Council have nominated Mr. W. S. Lovely, B.SC., 
MEMBER, and Mr. H. G. Bell, M.sC.TECH., MEMBER, to serve as 
their representatives on the above Committee. 


COMMITTEE ON MODEL FORMS OF GENERAL CONDITIONS OF 
CONTRACT 


On the nomination of the British Transport Commission, the 
Council have appointed Mr. T. S. Pick, B.sC.(ENG.), MEMBER, 


serve on the above Committee in place of Mr. E. S. Ely, 
MEMBER. 
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COMMITTEE ON REGULATIONS FOR THE ELECTRICAL EQUIPMENT 
OF AIRCRAFT 


The Council have appointed Mr. R. H. Woodall, MEMBER, 
and Mr. D. C. Flack, B.sc.(ENG.), PH.D., ASSOCIATE MEMBER, to 
serve on the above Committee. 


ELECTRICAL DEVELOPMENT ASSOCIATION: SUB-COMMITTEE ON 
THE INSTALLATION OF STORAGE BLOCK HEATERS 


The Council have nominated Mr. R. A. Marryat, B.SC.(ENG.), 
MEMBER, to serve as their representative on the above 
Committee. 


NATIONAL INSPECTION COUNCIL FOR ELECTRICAL INSTALLATION 
CONTRACTING: REGISTRATION BOARD 


The Council have nominated Mr. R. A. Marryat, B.SC.(ENG.), 
MEMBER, to alternate with Mr. S. E. Goodall, M.sc.(ENG.), 
MEMBER, who is their representative on the above Board. 


RADIO INTERFERENCE COMMITTEE 


On the nomination of the Electrical Contractors’ Association 
of Scotland, the Council have appointed Mr. J. Stuart 
Denholm to serve on the above Committee in place of 
Mr. James Robb. 


ROYAL SOCIETY 
General Board of the National Physical Laboratory 


The Council have nominated Sir Archibald Gill, B.sc.(ENG.), 
PAST-PRESIDENT, to serve as their representative on the above 
Board in place of Mr. T. G. N. Haldane, M.A., MEMBER. 


British National Committee for Physics 


The Council have nominated Mr. J. Thomson, M.A., PH.D., 
D.SC., MEMBER, to serve as their representative on the above 
Committee in place of the late Mr. S. Whitehead, M.A., D.SC., 
F.INST.P., MEMBER, 


WIRING REGULATIONS COMMITTEE 


On the nomination of the National Inspection Council for 
Electrical Installation Contracting, the Council have appointed 
Mr. E. J. Sutton, MEMBER, to serve on the above Committee. 


DEPUTY OVERSEA REPRESENTATIVE 
FOR TASMANIA 


In consultation with Professor C. E. Moorhouse, the Oversea 
Representative for Victoria and Tasmania, the Council have 
invited Associate-Professor H. P. Tuck, M.E., B.SC., ASSOCIATE 
MEMBER, to serve as Deputy Oversea Representative for 
Tasmania to look after the interests of members there, and 
Professor Tuck has kindly agreed to accept this office. 
Members in Tasmania requiring advice on Institution matters 
should write to Professor Tuck at the following address: 
University of Tasmania, Hobart, Tasmania. 

The Council have also arranged, on the suggestion of 
Professor Moorhouse, that the subscriptions of members 
resident in Tasmania should be collected by Mr. Bertram 
Wood, ASSOCIATE MEMBER, who will account for them direct to 
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Professor Moorhouse. The Council hope that this arrangement 
will assist members in Tasmania, who in future may address 
inquiries about subscriptions to Mr. Wood (Meath Avenue, 
Taroona, Hobart, Tasmania), instead of to Professor 
Moorhouse or the Secretary in London. 


EARLY RELEASE OF INFORMATION 
TO THE TECHNICAL PRESS 


To enable the technical Press to publish as soon as possible 
new material of topical technical interest dealt with in papers 
accepted for reading before The Institution, an author of 
such a paper is at liberty to offer a more popular, less tech- 
nical and shorter article for publication in the technical Press 
prior to the reading of his formal Institution paper on the 
same subject, provided that the article does not appear before 
the paper has been published individually and that the article 
makes reference to the paper. 

Similarly, the author of a paper which has been accepted 
for publication only may proceed forthwith to prepare a 
more popular, less technical and shorter article for the 
technical Press, but it must not appear before the paper has 
been published in the Proceedings or as a Monograph, and it 
must be accompanied by a suitable acknowledgment. 


PRESENTATION TO MR. J. H. REYNER 


An Ordinary Meeting of The Institution was held on the 
8th November 1956 to hear a lecture by Mr. J. Eccles (now 
Sir Josiah Eccles) on ‘Three Weeks in the U.S.S.R.’ A 
shortened version of this lecture appears on page 142 of this 
issue. At the same meeting a presentation was made to 
Mr. J. H. Reyner, the first editor of the Students’ Quarterly 
Journal. He had edited the S.Q.J. during all the twenty-six 
years of its existence up till September 1956, when he handed 
over to Mr. E. M. Hickin, his assistant for some years. The 
presentation took the form of a certificate recording Mr. 
Reyner’s outstanding service to The Institution, and it was 
made by the President, Sir Gordon Radley. In accepting the 
certificate, Mr. Reyner said that the assignment had been a 
very joyous one to him, not only because he had made so 
many friends among the Students and had been kept young 
himself by mixing with them, but also because he had had 
such whole-hearted support from the Council and the Institu- 
tion staff. He felt very happy to be able to hand over the 
editorship of the S.Q.J. to Mr. Hickin, who had both the 
necessary qualifications and the necessary sense of dedication. 


SUPPLY SECTION ANNUAL LECTURE 


The Annual Lecture of the Supply Section will be given on 
the 24th April 1957, the subject being ‘Transmission of 
Electrical Power at 400kV in the Soviet Union’. 

The lecturer, Monsieur S. S. Rokotyan, will open with a 
few words in Russian, after which the lecture will be continued 
in English on his behalf by Monsieur B. E. Lebedev. 


APPLIED ELECTRICAL RESEARCH 


The Regional Advisory Council for Higher Technological 
Education have, for the ninth year in succession, prepared a 
summary of the applied research in electrical engineering 
which is in progress in universities and technical colleges in 
London and the Home Counties. A long list of subjects is 
given, with the aim of stimulating applied research and of 
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helping to establish contacts between industrial firms and the 
colleges concerned. Copies of the list are available from th. 
Secretary, Regional Advisory Council for Higher Techno. 
logical Education, Tavistock House South, Tavistock Square, 
London, W.C.1. 


A LECTURE ON PLASTICS 


The Eighth Annual Lecture of the Plastics Institute 
given in the Lecture Theatre of The Institution on T 
30th April 1957, at 6.30 p.m., when Sir John Dean, 
A.R.LC., Chairman and Chief Executive of The Telegy 
Construction and Maintenance Co., will speak on ‘ 
plastics in the Submarine-Cable Industry’. 







POST-GRADUATE COURSES IN 
SCIENCE AT LIVERPOOL 


Some further post-graduate courses in science have 
arranged by the University of Liverpool, Department’ 
Extra-Mural Studies, to take place during part, or all, of the 
period 7th-13th April 1957. The subjects of the courses are: 
Basic Principles of Nuclear Engineering; Tensor Analysis 
applied to Electrical Engineering; and Numerical Methods 
for Engineers and Physicists. Full particulars can be obtained 
from the Director of Extra-Mural Studies, The University, 
9 Abercromby Square, Liverpool, 7. 


CONFERENCE ON ELECTRONICS IN 
INDUSTRY 


A Conference on Electronics in Industry will be held on the 
9th and 10th April 1957 at the Illinois Institute of Technology, 
Chicago. This is being sponsored by the Professional Group 
on Industrial Electronics of The Institute of Radio Engineers 
and by the Armour Research Foundation. The Conference 
will comprise an opening address and four technical sessions 
which include papers and lectures on such subjects as “Eco- 
nomic and Technical Aspects of Industrial Electronics’, 
‘Principles and Techniques for Direct Reading Digital 
Transducers’, ‘Application of Magnetic Amplifiers in Indus- 
trial Instrumentation and Control’, ‘Some New Aspects of 
Nuclear Instrumentation in Industrial Electronics’ and ‘Some 
Application of Analogue Computer Techniques to Control 
System Design’. 

Further information about the Conference may be obtained 
from Dr. Eugene Mittelmann, 549 Washington Avenue, 
Chicago 6, Illinois. 


LOANS FOR SMALL MANUFACTURERS 


Three years ago the Government established a £700000 
Revolving Loan Fund for Industry, as a part of the condi- 
tional aid programme to increase industrial productivity. The 
Fund provides short-term loans to assist appropriate small 


manufacturers in buying improved equipment and adopting | 


modern techniques. Most of the Fund is now in use, but as it 
operates on a revolving basis the amount available for new 
loans is continually being renewed by repayments, and the 
Board of Trade welcome fresh applications. 

Further details of the Fund can be obtained from the Board 
of Trade, I.M.2 Division (Revolving Fund for Industry), 
Horse Guards Avenue, London, S.W.1. (Telephone: Trafalgar 
8855, Ext. 2382.) 
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PORTRAIT OF LORD RAYLEIGH 


In accordance with their yearly custom of publishing por- 
traits of the pioneers of communication engineering, the 
Union Internationale des 
Télécommunications have 
recently issued an engraving 
of Lord Rayleigh, a repro- 
duction of which is shown 
here. The pictures in this 
series, which are printed on 
art paper, measure 23cm x 
17cm (including margins), 
and may be obtained from 
the Secrétariat Général de 
l'Union Internationale des 
Télécommunications, Palais 
Wilson, 52 rue des Paquis, 
Geneva, price 3 Swiss francs 
each (post free). The num- 
ber of prints of each portrait 
is limited to 700, and a small 
number of portraits are still available of Ampére, Armstrong, 
Baudot, Bell, Erlang, Faraday, Ferrié, Fresnel, Gauss, 
Heaviside, Herz, Hughes, Kelvin, Lorentz, Marconi, Maxwell, 
Morse, Popov, Pupin, Siemens, Tesla and Weber. 


C.C.1.F. + C.C.1.T. = C.C.1.T.T. 


From the Ist January 1957 the Comité Consultatif Inter- 
national Téléphonique (C.C.I.F.) has been merged with the 
Comité Consultatif International Télégraphique (C.C.I.T.) to 
form a new international organization, the Comité Consultatif 
International Télégraphique et Téléphonique (C.C.I.T.T.). 
The Secretariat of the C.C.I.T.T. is at Maison des Congrés, 
2 Place Chateaubriand, Geneva. 


ELECTRONICS EXHIBITION 


An Exhibition will be held in the College of Science and 
Technology, Manchester, on the 26th and 27th March 1957, 
under the auspices of the Radio and Telecommunication 
Group of the North-Western Centre of The Institution. The 
Exhibition will be open from 10 a.m. to 9 p.m. on each day. 

Demonstrations of working electronic equipment will 
illustrate the type of work undertaken by those choosing 
dectronic engineering as a career. Apparatus of many kinds 
will be shown in action, illustrating some of the ways in which 
tlectronic devices can be used to solve problems of research 
and industry. Whilst primarily intended to interest young 
people in the electrical engineering profession, the Exhibition 
will also set out to give some idea of what can be done to-day 
by means of electronic techniques. 

Admission to the Exhibition will be free. 


\ SUPPLY SECTION 


SUMMER VISIT TO OXFORD 


The Supply Section Committee are arranging a visit for 
members of the Supply Section and their ladies to Oxford on 
Saturday, 25th May 1957. The programme will include a visit 
0 the Clarendon Laboratory and to several of the colleges. 
Application forms are enclosed with this issue to all members 
of the Section. 
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MEASUREMENT AND CONTROL 
SECTION 


SUMMER VISIT ON THE 14TH JUNE 


The Measurement and Control Section Committee have 
accepted an invitation from the Directors of the British 
Thomson-Houston Co., and of Taylor, Taylor and Hobson 
Ltd., to visit their works at Leicester and to lunch at Lough- 
borough on the 14th June 1957. A coach tour of Charnwood 
Forest with tea at Leicester will be included in the itinerary. 
Particulars will be sent to all members of the Section later. 


ARRANGEMENTS WITH ENGINEERING 
INSTITUTIONS OVERSEA 


Members who may have to travel abroad are reminded that 
in certain countries reciprocal arrangements are in operation 
for the extension of privileges to visiting members. The 
complete list of Institutions concerned is now as follows: 


Country Institution 
Austria Osterreichischer Ingenieur- und Architekten-Verein. 
Australia Institution of Engineers, Australia. 
Belgium Société Royale Belge des Ingénieurs et des Industriels. 
Société Belge des Electriciens. 
Brazil Instituto de Engenharia, Sao Paulo. 
Canada Engineering Institute of Canada. 
Denmark Dansk Ingeniorforening. 
Finland Suomen Teknillen, Seura. 
Tekniska Foreningen i Finland. 
France Société des Ingénieurs Civils de France. 
y , Société Francaise des Electriciens. 
Germany Verein Deutscher Ingenieure. 
Verband Deutscher Elektrotechniker. 
Holland Koninklijk Instituut van Ingenieurs. 
Iceland Association of Chartered Engineers in Iceland. 
India Institution of Engineers, India. 
Italy Associazione Elettrotecnica Italiana. 
Japan Institute of Electrical Engineers of Japan. 
New Zealand New Zealand Institution of Engineers. 
Norway Norsk Elektroteknisk Forening. 
Norsk Ingenigrforening. 
Rhodesia Rhodesian Institution of Engineers. 


South Africa 


South African Institution of Civil Engineers. 
South African Institute of Electrical Engineers. 
South African Institution of Mechanical Engineers. 


Sweden Svenska TeknologfGreningen. 
Switzerland Schweizerischer Ingenieur- und Architekten-Verein. 
Turkey Turkish Engineering Society. 


United States 


American Institute of Electrical Engineers. 


American Institute of Chemical Engineers. 
American Institute of Mining and Metallurgical 
Engineers. 
American Society of Civil Engineers. 
American Society of Mechanical Engineers. 
Institute of Radio Engineers. 
The Secretary will gladly give letters of introduction to 


members visiting these countries. 


STUDENTS’ QUARTERLY JOURNAL 


The March issue of the Students’ Quarterly Journal contains 
two papers on sound recording, one dealing with the history 
of the subject, the other with modern high-fidelity equip- 
ment. Other technical papers deal with Magnicon power 
amplifiers, tacho-generators, self-compensating alternators, 
radio-controlled models, electrical protection, and hydro- 
electric developments in Italy. Other contributions concern 
the design of magnetic time-bases for radar displays and the 
experiences of a technical college lecturer during vacation 
work with an Electricity Board. Reviews, by Students, of 
recent books, and the usual correspondence and news of 
Section activities complete this 64-page issue. 
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PROFESSIONAL CONDUCT CITY AND GUILDS INSIGNIA AWARD 


The Council give notice that, acting under Bye-law 42 at the With reference to the notice about the Insignia Award jy 
request of a Corporate Member who regularly practises as a Technology of the City and Guilds of London Institute thy 
Consultant in Argentina, they have authorized him to publish appeared on p. 53 of the January issue, another member whp 
in the local technical Press a ‘professional card’ of the pattern has received this distinguished award and whose name hy 
customary in the Americas. come to our notice is Mr. A. Johnson, ASSOCIATE MEMBER, 





Contents of the Current Issues of the Proceedings 


DATE OF JOURNAL 
REVIEW OR 
SPECIAL ARTICLE 


March 1957 


Special article 
to be published 


March 1957* 


March 1957* 


March 1957* 


March 1957* 


March 1957* 


March 1957* 


March 1957 


Not yet reviewed 


Not yet reviewed 


March 1957 


Not yet reviewed 


Not yet reviewed 


March 1957 
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PART A. POWER ENGINEERING (FEBRUARY 1957) 
See Journal, February 1957, page 121. 


PART B. RADIO AND ELECTRONIC ENGINEERING (MARCH 1957) 


F. HORNER, M.SC. 
Very-Low-Frequency Propagation and Direction Finding (PAPER No. 2265 R) 


PROFESSOR F. M. BRUCE, M.SC., PH.D. 
Scottish Centre: Chairman’s Address 


C. J. O. GARRARD, M.SC. 
South Midland Centre: Chairman’s Address 


T. SOMERVILLE, B.SC., AND C. L. S. GILFORD, M.SC. 
Acoustics of Large Orchestral Studios and Concert Halls (PAPER No. 2297 R) 


J. W. ALLNATT, B.SC.(ENG.), E. D. J. JONES AND H. B. LAW, B.SC.TECH. 
Frequency Diversity in the Reception of Selectively Fading Binary Frequency-Modulated Signals, with special reference to 
Long-Distance Radiotelegraphy (PAPER No. 2151 R) 


J. W. ALLNATT, B.SC.(ENG.), AND E. D. J. JONES 
An Investigation of the Spectra of Binary Frequency-Modulated Signals with Various Build-Up Werelanns (PAPER 
No. 2152 R) 


H. B. LAW, B.SC.TECH., F. J. LEE, R. C. LOOSER, B.SC.(ENG.), AND F. A. W. LEVETT 
An Improved Fading Machine (PAPER No. 2150 R) 


H. B. LAW, B.SC.TECH. 
The Signal/Noise Performance Rating of Receivers for Long-Distance Synchronous Radiotelegraph Systems using Frequency 
Modulation (Parer No. 2103 R) 


H. B. LAW, B.SC.TECH. 
The Detectability of Fading Radiotelegraph Signals in Noise (PAPER No. 2104 R) 


C. G. HILTON, H. B. LAW, B.SC.TECH., F. J. LEE AND F. A. W. LEVETT 
Laboratory Test Equipment for Synchronous Regenerative Radiotelegraph Systems (PAPER No. 2259 R) 


R. N. BLOOMER 


pant Properties of ee which influence Filament Temperatures, Lives and Thermionic-Emission Densities 
(PAPER No. 2309 R) 


E. D. DANIEL, M.A., P. E. AXON, O.B.E., M.SC., PH.D., AND W. T. FROST 
A Survey of Factors Limiting the Performance of Magnetic Recording Systems (PAPER No. 2296 R) 


P. N. BUTCHER, PH.D. 
A Theoretical Study of Propagation along Tape Ladder Lines (PAPER No. 2294 R) 


P. N. BUTCHER, PH.D. 
The Coupling Impedance of Tape Structures (PAPER No. 2295 R) 


Written discussion on Servo-Operated Recording Instruments 


L. W. SHAWE, B.SC., AND G. W. FYNN 
A Coaxial Standing-Wave Detector for the S-Band (PAPER No. 2312 R) 


L. W. SHAWE, B.SC. 
An S-Band Coaxial Load (PAPER No. 2310 R) 


A. A. L. BROWNE, B.SC. 
A Resonant-Cavity Filter for the S-Band (PAPER No. 2311 R) 


Written discussion on A Development of the Collard Principle of Articulation Calculation 
* See special article on p. 149. 
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tontents of the Current Issues of the Proceedings (contd.) 


PART C. MONOGRAPHS (MARCH 1957) 


(Reviews of monographs are not published in the Journal) 
Written discussion on Peak-Voltage Measurements of Standard Impulse Voltage Waves 


4. ASPDEN, PH.D., B.SC., WH.SC. 
An Investigation of the Eddy-Current Anomaly in a Low-Silicon Sheet Steel (No. 187 M, JuLy 1956) 


}.G. R. TWISLETON, B.SC. 
The Measurement of Magnetron Frequency Pulling (No. 188 R, JuLy 1956) 


k. F. SANDER, M.A., PH.D. 
A Method for the Approximate Determination of the Impulse Response of a Number of Identical Circuits in Cascade (No. 189 R, AuGust 1956) 


\. Y. EL-IBIARY, B.SC., PH.D., AND J. BROWN, M.A., PH.D. 
The Use of Lossy Material to Suppress Unwanted Modes in Cavity Resonators (No. 190 R, AuGust 1956) 


PROFESSOR H. E. M. BARLOW, PH.D., B.SC.(ENG.) 
Hall Effect and its Counterpart, Radiation Pressure, in Microwave Power Measurement (No. 191 R, AUGust 1956) 


1, B. A. SENIOR, M.SC., PH.D. 
Radio Propagation over a Discontinuity in the Earth’s Electrical Properties—I (No. 192 R, AuGust 1956) 


4, M. SLETTEN AND T. J. LEWIS, M.SC., PH.D. 
Characteristics of the Trigatron Spark-Gap (No. 193 M, AuGust 1956) 


Pp, W. SEYMOUR AND S. DOSSING, M.SC.(E.E.) 
Synthesis of Transmission Systems in Terms of Tandem-Connected Quadripoles (No. 194, AuGust 1956) 


kK. F. SANDER, PH.D., AND J. G. YATES, M.A. 
A New Form of Electrolytic Tank (No. 195 M, SEPTEMBER 1956) 


R. F. MILLAR, M.A. 
The Diffraction of an Electromagnetic Wave by a Circular Aperture (No. 196 R, SEPTEMBER 1956) 


C. 8. JHA, B.SC. 
Theory and Equivalent Circuits of the Double Induction Regulator (No. 197 U, SEPTEMBER 1956) 


(OLIN ADAMSON, M.SC.(ENG.), AND A. M. S. EL-SERAFI, B.SC., PH.D. 
Representation of Saliency on A.C. Network Analysers (No. 198 S, SEPTEMBER 1956) 


i. TASNY-TSCHIASSNY, DR.TECH. 
The Approximate Solution of Electric-Field Problems with the Aid of Curvilinear Nets (No. 199 M, SEPTEMBER 1956) 


D. BROADBENT, PH.D., B.SC., M.ENG.SC. 
Governing in Power Systems by Time-Error (No. 200, SEPTEMBER 1956) 


T. B. A. SENIOR, M.SC., PH.D. 
Radio Propagation over a Discontinuity in the Earth’s Electrical Properties—II. Coastal Refraction (No. 201 R, OcroBer 1956) 


S.J, MORRISON, B.SC., A.M.I.MECH.E. 
Strain-Energy Calculations in the Design of Cat’s-Whiskers for Semi-Conductor Devices (No. 202 R, OcToBER 1956) 


H, GOLDENBERG, M.SC. 
The Calculation of Cyclic Rating Factors for Cables Laid Direct or in Ducts (No. 203 S, OcToBeR 1956) 


N.N. HANCOCK, B.SC.(ENG.), M.SC.TECH. 
The Production of a Sinusoidal Flux Wave, with particular reference to the Inductor Alternator (No. 204 S, Octoser 1956) 


C.$. BROWN, B.SC., AND L. A. THOMAS, B.SC. 
Properties of Synthetic Quartz Oscillator Crystals (No. 205 R, OcroBer 1956) 


0.1, BUTLER, M.SC. 
The Effect of Magnetic Saturation on the D.C. Dynamic Braking Characteristics of A.C. Motors (No. 206 U, NovemBER 1956) 


».N. NIKIFORUK, B.SC., PH.D., AND J. C. WEST, B.SC., PH.D. 
The Describing-Function Analysis of a Non-Linear Servo Mechanism Subjected to Stochastic Signals and Noise (No. 207 M, NovemBer 1956 


G. LEBMANN, D.PHIL. 
The Change of Air-Gap Flux in Electrical Machines due to the Displacement of Opposed Slots (No. 208 M, NovemBerR 1956) 


Nl. MEYER, PH.D., M.SC. 
Non-Linear Distortion in Transistor Amplifiers at Low Signal Levels and Low Frequencies (No. 209 R, NOVEMBER 1956) 


§.J, JOHNSON, B.SC., AND A. M. THOMPSON, B.SC. 
lttermodulation in Bridge Detector Amplifiers (No. 210 M, NoveMBER 1956) 


"ROFESSOR E. B. MOULLIN, M.A., SC.D. 
On the Amplification Factor of the Triode (No. 211 R, NovEMBER 1956) 
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MEASUREMENT AND CONTROL SECTION 


Discussion Meeting on Breakdown in Dielectrics 


Whether you are interested in turbo-alternators or transistors, 
the capacity of insulating materials to withstand electrical 
breakdown is a fundamental starting-point of your design, 
which can no longer shelter comfortably behind lavish over- 
provision, since the demands of heat conduction and electrical 
insulation are diametrically opposed. 

‘And yet’, said Mr. C. G. Garton, opening the Discussion 
Meeting on the 18th December 1956, ‘the mechanisms of 
breakdown have only recently become understood. They are 
diverse, but it is unlikely that any important mechanism 
remains unknown.’ 

Mr. Garton proceeded to propound a number of challen- 
ging assertions: 


None of us ever measures intrinsic electric strength; but, if we 
could do so, we should find it to be of the order of 5MV/cm. 

An electric force of 1eV produces stresses equivalent to those 
generated at a temperature of 12000°C. 

The mechanical pressure due to an electric field can be as high as 
400 atm inside an insulating material. ’ 

The treasured formula ‘twice volts plus 1 000’ for one minute can 
be expected to show up little beyond mechanical defects. 


Dr. J. H. Mason carried’ the arguments further, demon- 
strating various practical methods of test, such as the 
dispersion meter, which are now being introduced to supple- 
ment conventional ‘withstand’ tests. 

An exceedingly lively and informative discussion showed 
the importance attached to this subject by all engineers. Not 
all accepted the proposed definition of intrinsic electric 
strength, but there was general agreement with the opening 
speakers on the danger that conventional high-voltage tests 
might well leave insulation in a weakened condition, ‘just 
waiting for the next impulse to come along and complete the 
breakdown’. Grisly examples were demonstrated. But what 
were the alternatives? Dispersion and power-factor measure- 
ment, the inception of corona, leakage and _ insulation 
resistance were all supplementary rather than substitutional. 
The recent arguments on a.c. versus d.c. testing were inevi- 
tably revived; it was even asserted that instances were known 
where a prolonged a.c. test had improved the quality of the 
insulation. 

The discussion was not all concerned with insulation 
testing. The form of electrodes for research investigations and 
the problems of breakdown in liquid dielectrics were referred 
to. But the two outstanding questions with which most of the 
discussion was concerned were: first, if the intrinsic strength 
is really so much higher than the commercial breakdown 
strength, can we hope to make use of it; and, secondly, if the 
one-minute test is so unreliable, or even dangerous, by what 
should it be replaced? The replies of the opening speakers 
were, to the first, a guarded ‘yes’ and, to the second, ‘A d.c. 
over-voltage test for the shortest possible time’. 

This discussion attracted a large and enthusiastic audience. 
It is not the first time this has happened during the session. 
On the other hand, the sparse attendance at some recent 
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readings of papers makes one wonder whether members ar 
changing their habits. Do members prefer the cosy, crowded, 
but informal atmosphere of the tea room for a Di 
Meeting to the vast spaces of the theatre for a formal 
The question is worth noting. This model discussion 
controversial and well informed, and it gave a large at 
of members useful information on contemporary 
a vital subject. 


MEASUREMENT AND CONTROL SECTION 


RADIO AND TELECOMMUNICATION 
SECTION 


Linear Acceleration by Esoteric Plumbing 


The joint meeting on the 8th January 1957, which was under 
the chairmanship of Dr. Denis Taylor, turned out to be some. 
thing of a reunion for an enthusiastic few who had worked on 
linear accelerators, but the enthusiasm was infectious, and th 
authors and discussion speakers were lucid, so that the non- 
specialists understood some things and enjoyed many others 
they ‘did not see so clear’. 

The paper which was read and discussed at this meeting 
was called A Theoretical and Experimental Investigation of 
Anisotropic-Dielectric-Loaded Linear Electron Accelerators, 
by R. B. R.-Shersby-Harvie, L. B. Mullett, W. Walkinshaw, 
J. S. Bell and B. G. Loach. A short review appears on p. 167. 

To at least one of the uninitiated the preprint of this paper 
had been heavy going, and even the specialist might justifiably 
have faltered. However, in presenting the material at the 
meeting, Mr. Shersby-Harvie took most of his mathematics 
as read and gave constructional details not presented in the 
preprint. 

The importance of attempting to reduce losses in high- 
energy linear accelerators, where most of the r.f. power is 
dissipated in the waveguide walls, is obvious when one 
considers that the Stamford 1000 MeV accelerator requires 
twenty-two 20 MW valves for its r.f. drive. Although solid 
dielectric loading may be used in linear accelerators, the rf. 
power requirements are comparable with corrugated metal 
guides unless the dielectric is anisotropic, a form which has 
not been found to occur naturally. It may, however, be 
simulated by assembling isotropic material as spaced discs. 
In such a system r.f. power losses are assessed in terms of 
shunt impedance, which computations showed may be 
improved by a factor of two over conventional metal wave 
guides. Experimental units with various disc spacings were 
constructed. In the form of construction adopted, the discs | 
were ground accurately to size and inserted into the wave- 
guide, which was split longitudinally and clamped with screws 
evenly spaced along its length. During assembly the discs 
were located by pins through holes at 120° in the guide walls. 
This construction may readily be seen in the photograph. 
The results of measurements with this waveguide were 
sufficiently encouraging for design work to be instituted ona 
small dielectric-loaded accelerator with a tapered velocity 
guide. Powered by a 2MW magnetron, this machine, when 
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completed, accelerated electrons to the expected energy of 
|-2MW but the waveguide attenuation at high power levels 
was large. The additional losses were thought to be due to a 
resonant electron or multipactor discharge between the discs, 
an effect finally cured by changing from an oil to a mercury 
diffusion pump. Long-term possibilities opened up by this 
work were that more compiex dielectric-loading arrangements 


might give an improvement of shunt impedance over the 
all-metal guide by a factor of ten. 

Dr. G. B. Walker, who opened the discussion, spoke of 
his excitement at being in on a ‘first’—the first description of 
the first such electron accelerator to be constructed and 
operated. He added with disarming charm that criticizing it 
was almost like taking the bread out of his children’s mouths, 
for Queen Mary College had been extremely dependent on 
and very greatly helped by that very machine. His criticisms 
were kindly, and the main one, in which he asked for more 
information on other forms of dielectric loading, was framed 
ina manner which contributed to the better understanding of 
what happens physically in a loaded waveguide. He felt that 
simple anisotropic loading does not really score over metal 
loading. ‘Perhaps’, he said, ‘I am being unfair, but I think it 
is only right that I should make the worst case possible 
because I have an interest vested in this matter!’ 

The discussion was continued and maintained at a scholarly 
level by a total of nine speakers, and Mr. Shersby-Harvie and 
his co-authors replied very fully. 

Dr: R. G. Williams, in proposing a vote of thanks, 
commented that the audience was not large by Institution 
standards, and he hoped that others had not been deterred by 
a title containing more long words than he had seen in any 
title for some time. He expressed the appreciation of the 
meeting to Mr. Shersby-Harvie and his colleagues for pre- 
senting the paper, which was one of a number associated with 
atomic energy—‘the form of research which we all feel holds 
out possibly the only promise of this country being once again 
a “power” in world affairs’. w. C. L. 


RADIO AND TELECOMMUNICATION 
SECTION 


Semi-Conductor Fascination 
A large meeting in the Institution lecture theatre on the 


graph. 23rd January heard three papers dealing with applications of 
were | “ansistors and semi-conductor diodes. The subject of semi- 
dona | ‘nductor devices appears to be fascinating to large numbers 
slocity | of technical people in all fields of activity, and can nearly 
when | @lways be relied upon to attract a large gathering. On this 
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occasion, at least, those attending were not disappointed. 
The three papers were of a good standard, dealing concisely 
and clearly with matters of interest and importance, and the 
delivery, discussion and replies to the discussion were at all 
times clear, to the point and never dull. Short reviews of 
them appear on pp. 159, 161 and 162. 

The paper entitled Junction-Transistor Bootstrap Linear- 


Assembled sections of 
disc-loaded waveguide 


Sweep Circuits, by K. P. P. Nambiar and A. R. Boothroyd, 
dealt with methods for producing accurate linear-sweep 
voltages. It was largely concerned with the design of transistor 
equivalents of well-known thermionic-valve circuits. The 
design of one of the circuits shows that the use of both n-p-n 
and p-n-p transistors can lead to a significant simplification, 
although, in commenting on this, Mr. R. C. Winton felt that 
n-p-n might well stand for ‘not produced now’. The advantages 
and disadvantages of a number of circuits were described in a 
succession of slides. Some of these showed various refinements 
to improve the linearity, which apparently can be as high as 
0-1%. There still are, of course, limitations at the higher 
frequency. 

The title of the second paper, Design Consideration of 
Junction-Transistor Oscillators for the Conversion of Power 
from Direct to Alternating Current, by F. Oakes, produced a 
query whether it was not tautological, since oscillators were 
always expected to convert from d.c. to a.c. This would have 
had much point, had it not been that Mr. Winton had 
expressed considerable interest in the circuits described as a 
means of converting d.c. to d.c.! 

Mr. Oakes explained how the low collector voltage and 
high power gain of transistors make them particularly suitable 
for various forms of oscillator. Cyclograms were shown from 
which the performance of various designs of oscillator could 
be judged. Powers up to some 2 watts at about 40% efficiency 
were the largest dealt with. 

There was mild consternation among the audience when he 
said that he had experienced the failure of a transistor during 
his experiments. This apparently is an event not to be 
expected, and the audience were relieved when he added that 
it had been overloaded by a factor of five. 

Dr. J. R. Tillman, in presenting the paper by himself and 
Mr. J. C. Henderson on Minority-Carrier Storage in Semi- 
Conductor Diodes, described how these effects arise and how 
they affect the transient response of the diodes. They can be 
particularly embarrassing in high-speed switching circuits 
such as are found in electronic telephone exchanges and 
digital computers. The need for diodes of improved per- 
formance becomes acute as high-speed switching transistors 
are developed. It was explained that the transient response 
depends on both the design of the diode and the conditions of 
use; its relationship to the lifetime of minority carriers in the 
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base region of a diode provides a useful method of deducing 
the lifetime. 

Methods have been described for making diodes which 
have very low carrier storage. These were reviewed by Dr. 
Tillman and commented on by a number of speakers in the 
discussion. One speaker quoted evidence to suggest that a 
method that has shown much promise in germanium diodes— 
namely making the base region very thin—does not appear 
as attractive with silicon. However, other methods have been 
successfully tried in this country. 

Whenever an unwanted effect is observed there is always a 
keen desire to find some means whereby it can be put to good 
use. The announcement of a diode amplifier some two years 
ago suggested that the carrier-storage effect might yet achieve 
respectability. However, the fact that little has since been 
heard of this amplifier bears out the suggestion made in the 
present paper that the effect has proved almost entirely 
disadvantageous to the user. 

A lively discussion, which at times was not without humour, 
was competently dealt with by the authors, and the proceedings 
closed with a vote of thanks from the Chairman to the 
authors. Vv. J. F. 


SUPPLY SECTION 


Study of Stability—with no Dissimulation 


At the meeting of the Supply Section held on the 28th 
November 1956, three papers describing analogue methods 
of representing the behaviour of synchronous machines were 
discussed. The time allocated for reading the papers was 
short, but, in spite of this, very clear and concise summaries 
were presented. 

The first paper, The Automatic Solution of Power-System 
Swing-Curve Equations by C. Adamson, L. Barnes and B. D. 
Nellist, described an automatic step-by-step computer for 
determining machine rotor phase angles during transient 
disturbances and an analogue method of simulating the phase- 
angle control of network-analyser generator units. In his 
summary, Mr. Adamson confined his remarks to the opera- 
tion of the simulator, the design of which, he said, was based 
on economy of apparatus and ease of application to almost 
any type of a.c. network analyser. He also said that some 
modifications of the original design had resulted in errors 
being reduced to about 3%. 

This was followed by a paper entitled Electronic-Analogue- 
Computer Study of Synchronous-Machine Transient Stability 
by A. S. Aldred and P. A. Doyle, a short review of which 
appears on p. 164. 

Mr. Aldred summarized the paper, which described an 
analogue method of representing the time-varying flux 
linkages of a synchronous-machine based on Park’s equations. 
He said that this method was the first step towards including 
the effects of voltage-regulator action in a stability study. 

Finally, a paper by S. Kaneff on Dynamic Operation of an 
A.C. Network Analyser, of which a short review appeared in 
the Journal for November 1955, p. 702, was read by Mr. I. M. 
Macdonald; his easy manner made up for the absence of the 
author, who is at the University of Adelaide, Australia. 
Mr. Macdonald’s remarks were primarily concerned with the 
simulator described in the first part of the paper, prototypes 
of which he has had under test for several months. A slide 
showing the results of recent tests indicated an accuracy of 
+1-14%. 

Mr. Macdonald said that accuracies of this order were 
desirable if it was intended to include in the ultimate design 
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the effects of variable flux linkages and voltage regulators, 
concluded by saying that in Australia tests on the simplifieg 
version of the simulator described at the end of the Paper 
had also given encouraging results. 

These specialized subjects attracted an attentive audieny 
of about forty, of whom a large number were from ‘tk 
universities. The words of Professor M. W. Humphrey Dayig, 
who opened the discussion—‘It is gratifying to see almog 
everybody here who has been concerned with the develop. 
ment of network analysers in this country’—show tha 
although the number was not large the meeting was adequately 
supported. Professor Humphrey Davies went on to thank the 
Supply Section for organizing such an interesting colloquium, 
and paid tribute to the work of Magnien, of Electricité & 
France, and Ream, of the National Physical Laboratory, in 
this field. 

Of the speakers who followed, Mr. T. M. Whitelegg felt he 
ought to add a warning that more accurate system data and 
a greater appreciation of the problems will be required when 
simulators are in use. Mr. G. Lyon felt the meeting a vey 
useful occasion, because it was the first time there had been 
any attempt to find common ground between different 
approaches to the stability problem. In common with other 
speakers, he was concerned about the cost of simulators and 
suggested that the field of development should be split 
between control problems on machines, where the simulator 
may have to be costly, and system problems, where a simple 
simulator may be adequate. 

A portion of the discussion was devoted to machine 
damping and to the possibility of self-synchronization 
following system disturbances. Mr. P. D. Aylett felt that the 
inclusion of damping as an analogue representation was most 
important, and he said the problem would then be one of 
deciding whether a machine had adequate damping or not. 
Mr. R. A. Hore quoted some figures which showed, as he put 
it, that except for the not very interesting cases damping did 
not have a very material effect. He made some similar remarks 
concerning saliency. In lighter mood, Mr. Hore called Messrs. 
Aldred and Doyle to account for being a bit perverse in using 
the notation 7, for damping co-efficient and 7,, for open 
circuit time-constant. 

The effect of the dynamic characteristics of composite 
loads on system stability was raised by Mr. K. M. Jones, who 
considered that this had just as much bearing on stability as 
the time-varying characteristics of the generators and should 
be represented in analogue devices. 

Mr. P. J. Ryle, Chairman of the Section, brought the 
meeting to a close with a few appropriately witty remarks, 
in which he thanked the authors and Mr. Macdonald, and 
the speakers in the discussion. K. M. J. 


SUPPLY SECTION 
MEASUREMENT AND CONTROL SECTION 


At the joint meeting of the Supply and the Measurement and 
Control Sections on the 30th January 1957, Mr. C. Adamson 
described the progress which he and Mr. L. M. Wedepohl 
had made in attempting to apply transistors to distance 
methods of protection. Having found the initial results 
reasonably successful they had submitted a paper to The 
Institution entitled Power System Protection, with particular 
reference to the Application of Junction Transistors to Distance 
Relays. However, before it could be read they had progressed 
sufficiently far to justify a second paper entitled A Dual 
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Comparator Mho-Type Distance Relay utilizing Transistors, 
and these two papers were presented together. Short reviews 
were published in September and November 1956. The two 
basic principles of pulse and phase comparison had been 
employed, of which the latter was preferred. 

The discussion introduced a note of caution to tinge the 
obvious enthusiasm of the authors. They were assured that 
the path of the innovator is long and tedious, some of 
Fitzgerald’s ideas taking about twenty years to come to 
fruition. However, the use of transistors did alleviate one of 
the troubles with modern protection—they were not sensitive 
to shock and vibration, and in this respect they were the ‘cat’s 
whiskers’. But at present the life of power transistors is not 
known, and until this has been reasonably well established 
there should be great compunction in using protective gear 
based on them. Experience with radio applications should not 
be used to judge the performance of transistors, because in 
such applications cost is of prime importance and reliability 
is often sacrificed. 

There appeared to be two schools of thought about the 
number of transistors which would be required to equip 
a feeder end fully. With the authors’ circuits, the number 
could be 100 or more, and therefore a reduction would 
appear desirable; this could perhaps be attained by some 
modifications in the circuits. On the other hand if the relia- 
bility could be improved by using more transistors then they 
should be used. It was also pointed out that transistor 
costs are not at present truly comparable with those of valves, 
but a reduction in costs can be expected; moreover when 
silicon transistors have been developed the total performance 
should be improved. 

Mr. Wedepohl replied on behalf of the authors, implying 
that their latest effort had resulted in a material reduction in 
the number of transistors used. They had so much confidence 
in their results that an experimental feeder end was being 
installed in South Africa, where a reasonable number of 
occasions for operation can be expected since the isoceraunic 
level is high. Transistors would be used as on-off devices and 
not as amplifiers, and therefore their characteristics would 
not be critical. 

Mr. H. S. Petch, Vice-Chairman of the Measurement and 
Control Section, proposed a vote of thanks to the authors. 

J. R. M. 


UTILIZATION SECTION 


Perpetual Summer 


Atthe meeting on the 17th January a paper entitled Electricity 
in Modern Commercial Horticulture, by C. A. Cameron Brown 
and A, W. Gray, was presented. This is reviewed on p. 169. 

The authors expressed the view that over the past ten years 
there had been a significant change in the role of electricity in 
the sphere of horticulture, from being largely an aid to the 
amateur gardener and rarely used by the commercial grower 
lo playing a substantial part in modern commercial horti- 
culture. They also pointed out that while some of the earlier 
‘xpectations have not developed as anticipated, there was a 
considerable increase in the use of certain applications. The 
provision of artificial lighting for plant growing was probably 
the most prominent role of electricity in commercial horti- 
culture. As regards research and experiment, it was interesting 
0 learn that while this country had been the leader in soil- 
warming developments most of the basic work in light and 
lighting was still being carried out in Holland and America. 
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The discussion was opened by Mr. G. Sparkes, who spoke 
from the grower’s point of view. He considered that the 
horticultural and electrical industries should get together 
more often to discuss the tremendous possibilities of plant 
growing, and he also felt that electricity and its uses in 
horticulture were by no means sufficiently exploited. 

The discussion as a whole ranged over many aspects of the 
subject—from the kilowatt loading for the warming of a 
football ground to the relative tomato-producing merits of 
Guernsey and Worthing, with respect to their light and mean 
winter temperatures. 

One contributor endeavoured to dispel the note of despon- 
dency, which he said he had detected in the paper, concerning 
the use of in-situ soil warming, by pointing out to the authors 
that research stations were not always right. 

Mr. A. E. Canham felt that too little reference had been 
made by the authors to the all-important question of eco- 
nomics; he pointed out that, although it had long been 
possible to produce by electrical methods ripe strawberries at 
any time of the year, the expense would be so great that one 
would be really afraid to eat the fruit when it was available! 
The same speaker brought to the notice of the meeting the 
availability of such hitherto unknown horticulture devices as 
‘the electronic leaf’ and ‘the electric bee’. 

Particularly interesting suggestions were the considerable 
economies which could be effected by the double casing of 
glass-houses with polythene film and the equipping of glass- 
houses with plastic roller blinds to give either shading or 
heat insulation, the heating being provided by a combination 
of intermittently charged thermal-storage heaters and fan 
heaters. 

Mr. Gray, who replied to the discussion, gave an exhaustive 
and spirited reply to the many points raised, and many present 
particularly enjoyed his sally, ‘If we wait for the plant physio- 
logist to work out the use of electricity, we might as well take 
a holiday!’ R. H. R. 


Annual Dinner-Dance 

The Annual Dinner-Dance of the Section was held at the 
Café Royal on the 16th January 1957, under the chairman- 
ship of Mr. H. J. Gibson. The total attendance was 176, an 
increase of 24 over last year, and the Section were pleased to 
welcome as their guests the President and Lady Radley; the 
Chairman of the Radio and Telecommunication Section and 
Mrs. Williams; Mr. W. Bamford, representing the Measure- 
ment and Control Section; and Mr. D. P. Sayers, representing 
the Supply Section, and Mrs. Sayers. 


DISTRICT MEETING AT READING 


Power Problems 

At a District Meeting at Reading on the 14th January 1957, 
under the chairmanship of Mr. R. G. Henbest, a lecture 
entitled Nuclear Energy and Fuel Efficiency was delivered by 
Mr. W. R. Wootton, who was closely associated with the 
selection of the steam cycle and the design and construction 
of the heat exchangers for Calder Hall. His lecture opened 
with reference to the Government White Paper A Programme 
of Nuclear Power, published in February-1955. The trebling of 
electricity production in Great Britain within the next twenty 
years would require two and a half times the present con- 
sumption of coal or its equivalent. Despite large capital 
investment in the mines, it appeared that there would remain 
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an appreciable deficit. It was this gap that would be bridged 
by the adoption of nuclear energy. 

The White Paper has suggested that the earlier nuclear 
power stations will employ reactors of the gas-cooled graphite- 
moderated type, similar to those at Calder Hall, but optimized 
for power production. The lecturer accordingly described the 
design and construction of plant of this type, emphasizing 
the need to obtain the highest efficiency from the modest 
temperatures at present attainable. The dual-pressure steam 
cycle and the need to pressurize the coolant were explained. 


NEWS from the Centres 


LEEDS 
NORTH MIDLAND CENTRE 


A Lecture on Automation 


At our third Ordinary Meeting on the 4th December 1956, 
the Chairman, Mr. W. K. Fleming, welcomed Dr. H. A. 
Thomas, who delivered his lecture Electronics and Automation 
—Some Industrial Applications before an audience of eighty 
members and guests. The subject was clearly of intense 
interest to all those present, who listened enthralled whilst 
Dr. Thomas described the automation production of a radio 
receiver in the United States, the construction and operation 
of a digital electronic computer, and the computer control of 
machine tools. His discourse was illustrated with three colour 
films. Thus we were able to see how a completely automatic 
control line may be set out when very large quantities of a 
device are required, and, at the other end of the scale, how 
articles of a ‘one off’ nature may be produced with great 
precision and high speed by relatively small modifications of 
standard machine tools. The discussion opened by Dr. G. N. 
Patchett showed the very keen interest of our members in this 
subject, and Mr. G. Caton admirably expressed our thanks 
to Dr. Thomas for a most stimulating evening. 


Attracting the Sixth Form 


The meeting on the 8th January 1957, which was our fourth 
this session, was a joint one with the Education Discussion 
Circle, the basis for discussion being the Government White 
Papers entitled Report on the Recruitment of Scientists and 
Engineers by the Engineering Industry and Scientific and 
Engineering Manpower in Great Britain. Our old friend 
Dr. E. C. Walton opened the proceedings by pointing out 
that the Education Discussion Circle was not a closed shop, 
and he extended an invitation to all members of the Centre to 
attend the meetings. He went on to give a résumé of the salient 
features of the two papers, and among the many points he 
brought out was the fact that propaganda at sixth-form level 
in public and grammar schools, and among the boys’ parents, 
was essential to an increase in the recruitment of engineers. 
A lively discussion followed, enjoyed by all those present, 
since it revealed a little friendly rivalry between university 
and technical college advocates, although all seemed in favour 
of sandwich courses. It was emphasized that such courses 
were almost standard procedure in Scotland, a fact which 
perhaps had some bearing on Scotland producing one-fifth of 
the technological graduates in Great Britain, The discussion, 
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In conclusion, the economics of operation of nuclear pows 
plant of this type were described. 

An active discussion followed, during which such poinis 
were raised as the adoption of reheating and feed-heating 
sizes of plant, availability of fuel, future developments, ang 
comparison of the efforts of other countries. The 
concluded with the showing of the colour film Calder Hall, 
and it was a late hour when Mr. Forbes Jackson warmly 
thanked the speaker for his most interesting address. 

H.R. J.B, 


which was ably summarized by Dr. Walton, provided a 
stimulant to further thought on a subject which should be 
exercising the minds of all engaged in the profession. A vote 
of thanks by Mr. J. V. Werrell expressed our appreciation of 
the time which Dr. Walton had spent in the preparation of 
this discussion. 


UTILIZATION GROUP 


Design and Maintenance 


At the second Group meeting, on the 20th November 1956, 
the Chairman, Mr. R. Spence, welcomed Mr. H. C. Fox, 
who opened a discussion on The Influence of Maintenance 
Requirements on the Design of Industrial Electrical Equipment. 
Mr. Fox spoke from the viewpoint of design, and we were 
pleased also to see Mr. J. H. Harris of Runcorn, who spoke 
from the viewpoint of maintenance. The discussion was lively, 
with much cut and thrust, and it might be summarized by 
saying that when equipment is bought on price, and not ona 
detailed specification, the user gets what he pays for and no 
more. One large user particularly criticized the design of limit 
and auxiliary switches, saying that they are often not sufi- 
ciently robust. Our thanks to Mr. Fox for a most interesting 
evening were voiced by Mr. Spence. 


Power Rectifiers 


At our third Group meeting on the 22nd January 1957, the 
Chairman, Mr. R. Spence, invited Mr. T. H. Kinman to 
present the paper Germanium and Silicon Power Rectifiers, 0 
which he is joint author with G. A. Carrick, R. G. Hibben 
and A. J. Blundell. Mr. Kinman dealt with the problems of 
manufacture on a commercial scale and recalled that it 
fifty years since the crystal detector was invented. Emphasi 
the high degrees of purity (1 part in 10°) and hom 
which are so vital, he said that no fortuitous strains im 

lattice structure can be tolerated. He described the co} 
of current flow through semi-conductors. Six speakers, lege 
Mr. S. A. Chubb, contributed to the interesting di 

which followed, and our thanks were expressed by Mr. Speme 
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DISTRICT MEETING AT HUM 
= 


At the third District Meeting on the 17th January we Wee 
honoured to have the Centre Chairman, Mr. W. K. Fi 
with us to give his Chairman’s Address, entitled Electricity 
Supply and the Public. At the outset the Convener, Mr. w.$. 
Milner, expressed our pleasure in having Mr. Fleming with 
us in Hull, and we settled down to enjoy the address, 
had created much interest in Leeds when originally presented 
in October 1956. Mr. Fleming’s discourse outlined the 
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relationships existing between the nationalized supply under- 
taking and the public, and included their historical develop- 
ment from the time of the small undertakings. A short 
discussion followed, and our thanks to Mr. Fleming were 
ably proposed by Mr. G. W. Mitchell. 
An unfortunate falling off in attendance at this meeting 
was noticed, and we are inclined to attribute this largely to the 
fuel shortage. A suggestion was made that future meetings 
might start at 6.15 p.m. instead of 7.30 p.m., in order to ease 
the transport difficulty. ig i 


SOUTHAMPTON 
SOUTHERN CENTRE 


Annual Dinner and Dance 

The Annual Dinner and Dance of the Southern Centre was 
held on the 13th December 1956 at the Polygon Hotel, 
Southampton. The popularity of this event is steadily increa- 





the larger pattern of wisdom, experience, welfare and justice 
that they become of real value.’ 

Representatives of The Institutions of Civil and of 
Mechanical Engineers also attended as guests. 


Nuclear Power 

An outstanding meeting of the session was the joint meeting 
with the Southern Association of The Institution of Civil 
Engineers which took place on the 3rd January in Portsmouth. 
The occasion was a lecture entitled Nuclear Power, which was 
delivered by Mr. H. A. Roberts, of Harwell, and illustrated 
by a film of the construction of Calder Hall. This was very 
well attended by members of all three Institutions. BA. Lz. 


BRISTOL 
WESTERN CENTRE 


House Full at the Faraday Lecture 


There were over 3000 applications for the 2000 seats 
available when this session’s Faraday Lecture Nuclear Energy 


sing and the application for tickets this year showed signs of in the Service of Man was presented at the Colston Hall, 


reaching the capacity of the accommodation. In the event, 


the numbers were slightly depleted on account of petrol 
shortage. The members of the Centre present were delighted 
to welcome the President, Sir Gordon Radley, Lady Radley, 
and the Secretary and Mrs. Brasher. 

The principal guest, who proposed the toast of The Institu- 
tion, was Rear-Admiral G. O. Naish, Engineering Adviser to 
the Commander-in-Chief, Portsmouth. He referred to the 
place of the professional engineer in all the affairs of the 
nation, and said that the engineering institutions had had the 


responsible task of advising the Government on how the 


numbers of new engineers might be doubled or trebled. ‘We 


should bear in mind’, he said, ‘that in 1954, per million of 


population, the number of applied science graduates in the 
U.S.S.R. was 280, in the U.S.A., 137, and in Britain, 57. Yet 
neither of these other countries must export or die as we must.’ 

Replying to the toast, Sir Gordon Radley said that merely 
to meet Britain’s need for trained engineers was not enough. 
‘It is only enough when these trained men can be welded into 





[By courtesy of the Southern Daily Echo 


Some personalities at the Annual Dinner of the Southern Centre 

From left to right: Mrs. Brasher, Lady Radley, Sir Gordon Radley, 

og H. Robson (Chairman of the Southern Centre), Rear-Admiral 
0. Naish, Mrs. Robson, Mr. W. K. Brasher and Mrs. Naish. 
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Bristol, on the 29th November 1956. 

This heartening response was due to the zeal with which 
members of the Western Centre had publicized the lecture. 
Many posters were displayed around the district, information 
was sent to all kindred institutions, to the principal industrial 
establishments and to colleges, schools and libraries, while 
the B.B.C. included an announcement in Forthcoming Events 
in the West Region programme. As a result, Mr. W. Dudley 
Morgan, the Honorary Assistant Secretary of the Centre, was 
inundated with requests, some of which came from places as 
far away as Yeovil, Chippenham, Bridgwater and Gloucester. 
Apart from the late arrival of some exhibits, owing to petrol 
difficulties, matters ran smoothly, and the occasion was a 
great success. 

The lecture, given by Dr. T. E. Allibone, ranged far and 
wide across the whole field of nuclear science, and was aided 
by many striking models, demonstrations and films. It began 
with a short introduction to atomic structure, and an 
explanation of fission processes. 

Dr. Allibone said that atomic energy had come in the nick 
of time to provide the world with heat energy for the 21st 
century and, perhaps, for a million years thereafter. In ten 
years’ time nuclear stations in this country would be saving 
between ten and fifteen million tons of coal, and before the 
20th century is out it is possible that no coal will be used in the 
generation of electricity. Techniques using radioactive 
elements would perhaps change the face of medicine, biology 
and agriculture, and thus help us in the problem of feeding a 
world whose population doubles in a century. 

In hospitals, radioactive sources could replace the high- 
voltage X-ray tube, while, in industry, the absorption of 
radiation could be used to gauge the thickness of materials; 
it is possible, for example, to measure the thickness of red-hot 
steel passing through a rolling mill at 60 m.p.h. Domestic uses 
include the sterilization of food; Dr. Allibone displayed a 
pork chop which he had preserved by radiation, and which he 
promised to eat in four months’ time. The applications in 
agriculture were also numerous. Pests could be rendered 
sterile, and mutations could be produced in plants. Tougher 
barley had been obtained, and it was possible to create 
thousands of new variations in the colours of flowers. We 
were indeed still in the early days of many new applications 
of radioactivity made possible by nuclear fission. 


193 


NEWS from Abroad 





BAGHDAD 


IRAQ AND PERSIAN GULF 
JOINT OVERSEA GROUP 


Over a hundred members and guests gathered in the well- 
appointed hall of the Iraqi Society of Engineers in Baghdad 
on the 17th January to hear Mr. M. H. Ewbank read a paper 
on atomic energy. This was followed by two films, Calder Hall 
and Atomic Achievement, by courtesy of the British Council. 
Among the guests invited were the British Ambassador, Iraqi 
Cabinet ministers and prominent members of the Develop- 
ment Board. After the meeting, several members were joined 
by their ladies, and cocktails were served in the adjoining 
room. 

The following day about eighty members and guests and 
their ladies visited the broadcasting stations of the Depart- 
ment of Posts and Telegraphs at Abu Ghraib, about eight 
miles from Baghdad. At the newer of the two adjoining sites 
a 200kW medium-wave transmitter is already in action, and 
two 100kW short-wave directional transmitters are under 
construction. 

We then journeyed into the past among the archaeological 
diggings at Aquarquf. We inspected the little museum of 
local finds, and the younger and more energetic of the party 
climbed the glacis of detritus to the exposed weather-worn 
core of the great platform. 

The one remaining platform (it is much more extensive 
than the usual ziggurat) was the highest of a group, possibly 
of three, which served the multiple purposes of stronghold, 
lookout and flood refuge. A palace and a temple are believed 
to have occupied the top of the highest. The platform was 
built as a solid construction of sun-dried brick containing 
straw, reinforced at intervals of about three feet with layers 
of reed mats, to a height of about 120 ft, and it was originally 
some hundréd feet square. Some of the surrounding buildings 
have walls of brick crudely fired and laid in bitumen as mortar. 
A few walls and floors contain simple carvings. 

Although the achievements of modern technology are 
impressive, the artefacts of Abu Ghraib are unlikely to 
survive as long as those remaining at Aquarquf. J. A. C. K. 


TRINIDAD 


TRINIDAD AND TOBAGO 
JOINT OVERSEA GROUP 
Good-luck to a new Group 
A petition received from members of the three major engi- 
neering Institutions resident in Trinidad, in which authority 
was requested for the formation of a Joint Oversea Group, 
has been approved by the Councils of the Institutions. 

The new Joint Group will be styled ‘The Trinidad and 
Tobago Joint Oversea Group’ and the first Committee is now 
being formed. We hope to be able to publish shortly the names 
of its members, and some details of the arrangements being 
made for meetings of the Group. 


E & T in the Caribbean 


The joint Annual Dinner of the local organizations of members 
of three major engineering Institutions took place at the 
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Queen’s Park Hotel, Port-of-Spain, on the 12th January 
under the chairmanship of Mr. G. I. Quinn. A total 
people were present, including Sir Edward Beetham, Goy 
of Trinidad and Tobago, Mr. Solomon Hochoy, Gg 
Secretary, and Mrs. Hochoy. = 

The toast of ‘The Institutions’ was proposed by 
Moreland Hopkins, Director of Education, who dwelt 
important theme of technical education in the West i 
He observed that the ever growing application of scieng 
technology has been the main agent of change in the pre 
day world, especially in the rapid dissemination of know 
and ideas. Mr. Hopkins continued with a brief accounté¢ 
history of engineering and of the rise of the three Instituj 
‘It is happy’, he said, ‘that to-night we meet not ag! 
separate Institutions, but as one body of chartered engin 
Concerning the growth of technical education, he remg 
that with one of those irrational twists of the late Viets 
conscience a remarkable social movement was set on 
which sought ‘to distil wisdom out of whisky, genius 6 
gin, and a capacity for business out of beer’. Ted 
education may therefore be said to have begun in ag 
spirit, but its progress in this century had been som 
lacking. Mr. Hopkins ended by saying that in order to 
up a system of technical education in the West Indie 
Government would make increasing demands on the 
time of chartered engineers. 

Replying to Mr. Hopkins’s address, Mr. Quinn said 
engineers have never been in such demand as they are¥ 
but in Trinidad there were two obstacles. There wi 
training available which would enable a man to becon 
professional engineer, and West Indian boys showed § 
reluctance to study engineering. He welcomed the Gow 
ment’s proposal to award scholarships in engineering 
science. 

The evening continued with dancing. 


UGANDA 


It was recently announced by the Uganda Electricity Bg 
that the first generating station to give a public suppl} 
electricity in Uganda has been shut down and sold by ft 
The station was located on Kiruba Island in Lake Viet 
and used wood as fuel. The Board have purchased a 75 
hydro-electric station near Kikagati on the Kagera ® 
which forms the boundary at that point between Ugand: 
Tanganyika. The Kikagati power station was built in# 
for the nearby Kagera mine, which is now closed. 4 
The station will provide electricity for Mbarara and & 
mine in Tanganyika. An agreement has been concluded 
the mining syndicate, who will run their own transmig 
line from the power station to the mine. The Board} 
construct a 33kV line from the station to Mbarara. = 


OVERSEA ATTENDANCE REGISTER 


During the period Ist January to 31st January 1957 the fo of 
members called at the Institution Building and signed the Atten@ 
Register of Oversea Members: , 


HOLLIDAY. B. J. (Peru) 
JACKSON, P. H. (Salisbury, ~ 
S. Rhodesia) a 
KING, R. F. J. (Lagos) 
PEREIRA, J. A. (Lisboa, Pe 
REID, C. P. B., B.e. (Mar 
Venezuela) 
THOMAS, D. W. (Malta) 
TRUTER, N. W. (Lagos) ‘g 
UMRIGAR, D. M. (Calcutta) = 
WALDRAM, A. H. T., B.SCAENG?) 
(Zomba, Nyasaland) x 


ASHFORD, W. J. A. (Abadan, Iran) 

BARTOLO, A. J. (Cospicua, Malta) 

BUSBY, A. W. (Accra) 

CURTIS, B. J., B.£.£. (Melbourne) 

DUNCAN-SMITH, COL. E., p.sc. 
(Amman) 

GIESZCZYKIEWICZ, 5S. E., DIPL.ING. 
(Niagara Falls) 

GILBERT, A. (Singapore) 

GORDON-JONES, L. G. (Sierra 


Leone 
HARRIS, F. S. (Salisbury, S. Rhodesia) 
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